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FOREWORD 

The  U.S.  Department  of  Defense  (DOD)  is  demonstrating 
and  validating  promising,  innovative  technologies  that  target 
urgent  environmental  needs.  In  addition  to  being 
environmentally  preferred,  these  technologies  should  provide 
a  return  on  investment  through  cost  savings  and  improved 
efficiency. 

The  Office  of  the  Deputy  Under  Secretary  of  Defense  for 
Environmental  Security  (DUSD-ES)  tasked  Concurrent 
Technologies  Corporation  (CTC),  through  the  National 
Defense  Center  for  Environmental  Excellence  (NDCEE),  in 
cooperation  with  Coopers  &  Lybrand,  L.L.P.,  to  design  a 
mediod  for  making  consistent  and  reliable  environmental 
investment  and  project  selection  decisions.  In  response,  the 
Environmental  Cost  Analysis  Methodology  (ECAM)  was 
developed  to  provide  a  consistent  means  of  quantifying  and 
evaluating  environmental  costs  and  benefits. 

The  ECAM  is  a  tool  for  evaluating  investments  in 
environmental  technologies  that  address  compliance  and 
pollution  prevention  issues.  The  ECAM  was  validated  at 
Lake  City  Army  Ammunition  Plant  (LCAAP), 

Independence,  Missouri,  where  an  ammunition 
manufacturing  process  is  being  modified  to  reduce  the  use  of 
hazardous  materials.  The  ECAM  has  been  applied  at  five 
DOD  locations  in  which  environmentally  preferred 
technologies  have  already  been  fielded  or  are  being 
evaluated  for  future  use.  Each  of  these  technologies  is 
designed  to  eliminate  or  reduce  potentially  adverse 
environmental  impacts,  while  simultaneously  cutting  costs 
and  maintaining  or  improving  product  quality. 

The  ECAM  is  a  capital  investment  decision  tool  used  by 
process  engineers,  with  input  from  facility  accounting 
personnel,  to  perform  economic  analyses-especially  when 
environmental  costs  are  a  factor. 


The  ECAM  was 
developed  to  provide  a 
consistent  means  of 
quantifying  and 
evaluating 

environmental  costs  and 
benefits. 


The  ECAM  was 
designed  to  evaluate 
environmental 
technologies  that 
address  compliance  and 
pollution  prevention 
issues. 
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The  ECAM  was  not  designed  as  a  life  cycle  costing  tool  to 
evaluate  new  systems  over  the  entire  weapon  system  life 
cycle,  rather  it  was  designed  to  evaluate  individual  process 
technologies  fielded  in  the  operations  and  support  phase. 

The  ECAM  focuses  primarily  on  quantifying  and  evaluating 
costs  associated  with  the  selected  environmental  technology. 
Qualitative  issues  are  also  addressed  by  the  ECAM,  but  to  a 
lesser  extent. 

The  scope  of  the  ECAM  is  presently  limited  to  facility- 
specific  cost  information  and  does  not  quantify  future 
environmental  liability  costs  or  intangibles  such  as 
opportunity  costs,  quality  of  life,  and  resource  depletion.  It 
is  anticipated  that  revised  versions  of  the  tool  will  be 
released  following  further  validation. 


The  ECAM  is  a  capital 
investment  tool. 
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INTRODUCTION 

The  Environmental  Security  Technology  Certification 
Program  (ESTCP)  serves  as  a  demonstration  and  validation 
program  for  innovative  technologies  that  target  urgent 
environmental  needs,  as  identified  by  the  U.S.  Department  of 
Defense  (DOD).  In  addition  to  being  environmentally 
preferred,  these  technologies  provide  a  return  on  investment 
through  cost  savings  and  improved  efficiency.  To  validate 
those  savings,  the  ESTCP  needs  a  consistent  method  of 
identifying  and  quantifying  capital  and  operating  costs, 
specifically  environmental  costs. 

The  Environmental  Cost  Analysis  Methodology  (ECAM) 
Handbook  was  developed  the  by  National  Defense  Center 
for  Environmental  Excellence  (NDCEE),  operated  by 
Concurrent  Technologies  Corporation  {CTC),  and  Coopers  & 
Lybrand,  L.L.P.  (C&L).  The  Handbook  is  to  provide  users 
with  a  consistent  and  accurate  tool  for  conducting  financial 
analyses,  especially  where  new  technologies  are  being 
considered.  The  ECAM  integrates  activity-based  costing 
(ABC)  concepts  and  techniques  for  analyzing  and  evaluating 
new  or  modified  technologies. 

Current  cost  analysis  and  assignment  practices  may  be 
incomplete  in  scope  because  significant  costs  are 
overlooked  and  not  assigned  with  the  degree  of  accuracy 
required  to  make  informed  management  decisions.  In 
particular,  environmental  costs  can  be  inappropriately 
assigned  as  a  result  of  these  shortcomings.  The  ECAM 
overcomes  or  minimizes  the  impact  of  such  shortcomings  for 
several  reasons: 

•  A  consistent  approach  is  used  to  identify  relevant  costs 
and  assign  them  with  a  higher  degree  of  accuracy; 

•  Environmental  costs  and  benefits  are  identified, 
quantified,  and  assigned  to  the  process  responsible  for 
generating  them  more  appropriately; 

•  Standard  financial  indicators  (Net  Present  Value, 
Payback  Period,  and  Internal  Rate  of  Return)  are 
provided  to  decision  makers,  regardless  of  the 
technologies  and  processes  analyzed; 


The  ESTCP  is  a 
demonstration  and 
validation  program  for 
innovative  and 
environmentally 
preferred  technologies. 


The  ECAM  responds  to 
the  need  for  a  practical 
tool  to  identify  and 
assign  environmental 
costs. 


The  ECAM  overcomes 
many  shortcomings  of 
traditional  cost  analysis 
practices. 
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»  Financial  indicators  are  calculated  using  a  standard, 
easy-to-use  softwaretool  that  clearly  states  assumptions 
such  as  period  of  study,  discount  rate,  and  capital 
costs.' 

The  ECAM  is  a  capital  investment  decision  tool  to  be  used 
by  process  engineers  when  performing  economic  analyses — 
specifically  where  environmental  costs  are  a  factor.  This 
Handbook  provides  practical  guidance  for  applying  the 
ECAM  and  significantly  improving  the  identification  and 
assignment  of  conventional  and  environmental  costs.  The 
definitions  used  throughout  this  handbook  are  consistent 
with  the  terminology  used  in  the  EPA’s  primer.  An 
Introduction  to  Environmental  Accounting  as  a  Business 
Management  Tool:  Key  Concepts  and  Terms 


The  ECAM  was 
designed  for  Process 
Engineers. 

This  handbook  shows 
users  how  to  conduct  an 
economic  analysis  using 
ECAM. 


The  ECAM  recognizes  time  and  cost  constraints  with  regard 
to  data  collection  requirements  and  adopts  an 
implementation  approach  consisting  of  three  levels.  Figure  1 
shows  the  benefits  of  the  ECAM  implementation,  along  with 
a  qualitative  indication  of  its  advantages  over  traditional 
methods.  Each  level  of  the  ECAM  implementation 
incrementally  improves  the  accuracy  of  the  cost 
identification  process.  Each  level  of  implementation  is 
explained  in  the  following  sections. 


The  ECAM  can  be 
implemented  in  three 
levels,  each  one 
providing  incremental 
improvement  of  cost 
identification  and  the 
accuracy  of  cost 
assignment. 


'  FINANCE  Rel  3.0,  Tellus  Institute,  Boston 

■  EPA  742-R-95-001,  An  Introduction  to  Ertvironmental  Accounting  as  a 
Business  Management  Tool:  Key  Concepts  and  Terms.  June  1995 
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$0 


Leye/  i: 

tdentificBtion 

and 

Assignment  of 
Direct  Costs 


Level  It: 

Identi^cation  and 
Assignment  of 
Environmental 
Activities  Costs 


High 


Figure  1.  Benefits  of  ECAM 


Level  I  (Section  1)  explains  howto  accurately  identify  direct 
costs-cosXs  associated  with  the  process  operations.  These 
include  resource  costs,  such  as  labor,  materials,  and  utilities, 
that  are  directly  consumed  by  the  process  being  analyzed. 
These  costs  are  sometimes  overlooked  in  business  decision 
making  when  traditional  methods  are  used.  Level  I  identifies 
environmental  costs  that  also  may  be  considered  direct  costs, 
such  as  consumption  costs. 

Level  II  (Section  2)  identifies  and  assigns  indirect  costs  and 
focuses  on  environmental  costs  which  are  often  overlooked 
by  traditional  cost  analysis  methods.  This  Handbook 
provides  practical  guidance  in  identifying  these  potentially 
overlooked  indirect  or  hidden  environmental  costs.  These 
costs  include  hazardous  waste  management  costs, 
environmental  training,  permitting,  and  other  items  generally 
consider  indirect  or  overhead  costs.  These  costs  are  assigned 
to  the  process  with  a  higher  degree  of  accuracy  by  using 
activity-based  costing  (ABC)  concepts  and  techniques. 

Level  III  (Section  3)  provides  guidance  on  identifying, 
quantifying,  and  assigning  other  non-environmental  support 
and  overhead  costs.  Technology  improvements  can  lower 
these  costs  by  improving  the  facility’s  efficiency  and 
productivity.  Level  III  application  provides  a  broader 
imderstanding  of  the  viability  of  a  proposed  project.  An 


Level  I  identifies  and 
assigns  direct  costs, 
including  some 
environmental  costs. 


Level  II  identifies  and 
assigns  costs  incurred 
by  carrying  out  facility 
environmental  activities 
supporting  the  process. 
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example  process  improvement  may  be  the  reduction  in  cycle 
time  or  increased  production  capacity  associated  with 
implementing  a  new  technology. 

The  ECAM  user  determines  the  level  of  analysis  required  to 
effectively  evaluate  the  process.  Selecting  for  study  the  next 
higher  level  increases  the  confidence  in  the  collected  data, 
and  usually,  additional  costs  and  benefits  are  identified. 
However,  it  may  not  be  necessary  to  proceed  to  Level  III  to 
obtain  the  information  needed  to  make  a  final  decision. 

As  a  general  guideline.  Levels  I  and  II  should  always  be 
performed,  while  Level  III  should  be  implemented  when 
there  is  a  potential  to  identify  significant  costs  and  process 
improvement  benefits  that  may  affect  a  final 
recommendation  or  decision.  Users  would  generally  proceed 
to  Level  III  where  the  Level  I  and  Level  II  financial 
performance  measures  were  inconclusive  or  marginally 
below  the  performance  acceptance  level  desired. 

Section  4  describes  the  financial  analysis  process  and  how  to 
interpret  the  information  collected  during  the  ECAM 
implementation. 

Figure  2  illustrates  the  three-level  approach  to  use  when 
applying  the  ECAM.  This  approach  is  the  end  result  of 
refining  what  was  initially  a  four-step  exercise.  The  four 
steps  consisted  of  1)  data  collection,  2)  identification  of 
environmental  activities,  costs,  and  drivers,  3)  quantification 
of  costs,  and  4)  economic  analysis  of  the  data.  These  steps 
were  integrated  into  three  levels  to  reflect  different  levels  of 
effort  that  may  be  expended  in  implementing  the  ECAM.  As 
users  apply  the  ECAM  at  each  increasing  level,  it  is  possible 
to  obtain  results  that  are  more  accurate.  Level  I  requires 
only  that  direct  costs  be  identified  and  quantified.  Level  II  is 
somewhat  more  rigorous  requiring  users  to  identify  and 
quantify  indirect  environmental  costs.  Level  III  extends  the 
ECAM  application  to  include  other  indirect  costs  that  might 
be  impacted  by  the  proposed  process  change.  Examples  of 
Level  III  costs  and  benefits  include  reducing  inventory 
carrying  costs,  or  decreasing  process  cycle  times.  It  is 
recommended  that  both  Level  I  and  Level  II  be  included  as  a 
minimum  in  all  uses  of  the  ECAM.  Regardless  of  the  level 
at  which  the  ECAM  is  applied,  costs  are  quantified  and 
results  of  the  economic  analysis  are  calculated. 


Level  III  identifies  and 
assigns  other  non- 
environmental  overhead 
and  support  costs  and 
quantifies  benefits. 


Users  determine  the 
level  of  analysis  needed. 


The  ECAM  provides 
guidance  on  performing 
financial  analysis. 


\ 

I 
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ECAM  APPROACH 


•  Establish  Unit  Costs  for  each  Activity 

•  Assign  Costs  to  the  Process 


•  Calculate  NPV.  P/B.  IRR 

•  Perform  Sensitivity  Analysis 


Figure  2.  ECAM  Approach 


The  ECAM  Handbook 
discusses  ways  to 
incorporate  qualitative 
issues  in  the  economic 
analysis. 


Section  5  shows  users  how  to  perform  qualitative  analysis  on 
less  tangible  environmental  issues. 

Users  must  become  familiar  with  the  basic  concepts  and 
terminology  used  throughout  this  handbook  to  successfully 
implement  the  ECAM.  To  help  meet  this  need,  fundamental 
terms  and  concepts  are  explained  in  the  Glossary. 
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1.0  ECAM  LEVEL  I:  mENTIFICATION  OF 
DIRECT  COSTS 


Level  I  describes  how  to  identify  costs  associated  with  a 
process  under  evaluation.  This  includes  identifying  costs  for 
both  the  current  and  proposed  technology. 

As  with  any  cost  analysis,  it  is  important  to  collect  accurate 
data.  In  doing  so,  a  benefit  of  the  ECAM  is  that  it  uses 
information  that  is  readily  available.  Organizations  are  not 
expected  to  collect  non-standard  data  or  to  develop  a  new 
accounting  system  to  use  the  ECAM  successfully.  Table  1 . 
provides  examples  of  readily  available  data  sources  to 
consider  when  using  the  ECAM. 


The  ECAM 
implementation  begins 
by  clearly  defining  the 
process. 


The  ECAM  relies  on 
accurate  data  collection. 


Table  1.  General  Information  Categories  and  Examples 


Category 

Examples 

Process  Information 

•  Existing  flow  diagrams 

•  Job  descriptions 

Accounting  Information 

.  Current  accounting  system 

•  Capital  and  operating  budget 

•  General  financial  information 

•  Capital  equipment  information 

Environmental 

Information 

.  A  checklist  of  environmental 
activities 

•  Applicable  environmental, 
health,  and  safety  activities 
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The  following  items  associated  with  the  process  under 
evaluation  should  be  collected  to  successfully  complete 
the  ECAM  Level  I: 

.  Definition  of  the  process  and  process  boundaries; 

.  Development  of  process  flow  diagrams; 

.  Quantification  of  resources  used  in  performing 
the  process; 

•  Identification  of  unit  costs  associated  with  the 
quantities  of  the  resources  used  in  the  process. 

This  procedure  is  to  be  applied  to  both  the  existing 
process  and  the  proposed  alternative  process. 


1.1  Process  Identification 

In  general,  a  process  is  defined  as  a  functional  sequence 
of  events  or  actions  (steps)  that  generate  a  desired  output. 
The  first  task  involves  tibe  selection  of  the  process  to  be 
analyzed.  Examples  include  industrial  manufacturing 
processes  that  cause  environmental  impacts,  such  as 
plating  of  aircraft  components  and  chemical  stripping  of 
metal  coatings. 

The  scope  of  the  ECAM  implementation  is  defined  by 
the  system  boundaries  or  the  specific  steps  within  the 
overall  process  which  are  to  be  evaluated.  Setting  the 
process  boundaries  too  wide  vdll  result  in  unnecessarily 
complicating  the  analysis;  too  narrow,  and  important 
costs  may  be  overlooked. 

By  outlining  the  process  boimdaries  the  flow  of 
resources,  such  as  labor,  materials,  and  utilities,  can  be 
identified.  Resources  represent  the  assets  of  the 
organization  that  are  consumed  during  various  steps  in 
the  process.  Within  the  process  boimdaries,  these 
resources  are  used  to  produce  the  process  outcome. 

It  is  helpful  to  prepare  a  brief  written  description  of  both 
the  process  to  be  substituted  and  the  process  that  uses  the 
new  technology,  highlighting  the  important  differences 
between  each. 


The  ECAM  Level  I 
begins  by  defining  the 
process  and  its 
boundaries  and  ends 
with  accurately 
identifying  direct  costs. 


A  process  is  a  series  of 
steps  that  generate  a 
desired  output. 

Process  boundaries 
define  the  scope  of  the 
analysis. 


The  process  uses 
resources  to  produce  an 
output. 


A  brief  process 
description  should  be 
prepared. 
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1.2  Flow  Diagram  Development 

Flow  diagrams  are  prepared  to  clearly  identify  the  steps 
within  the  process.  Flow  diagrams  are  developed  using 
standard  engineering  techniques  for  process  analysis  and 
mapping^.  Overall  flow  diagrams  depict  each  step  in  the 
process  as  a  separate  event  working  toward  a  final 
product  or  outcome.  Using  available  information  and 
direct  observation,  this  sequence  of  steps  can  be  mapped 
as  a  process  flow  diagram  such  as  the  one  shown  in 
Figure  3. 

Overall  flow  diagrams  identify  the  steps  within  a  process 
and  establish  an  accurate  baseline  for  further  process 
investigation  and  analysis.  Process  steps  requiring 
additional  environmental  evaluation,  such  as  those 
generating  xmwanted  by-products,  become  more  evident 
as  a  result.  Process  steps  requiring  an  environmental 
activity  (such  as  peraiitting  or  specific  environmental 
training)  to  support  them  are  also  highlighted. 

Detailed  flow  diagrams  are  developed  using  the  process 
mapping  techniques  described  in  the  following  section. 
Examples  of  process  flow  diagrams  are  also  provided  in 
Appendix  B. 


A  flow  diagram  is  a 
visual  representation  of 
the  overall  process, 
using  information 
gathered  on-site. 


Acid  Disposed  of  as  Hazardous  }Naste 


Figure  3.  Sample  Overall  Process  Flow 


^  Benchmarking:  The  Primer,  Benchmarking  far  Continuous 
Environmental  Improvements,  Washington,  DC:  Global 
Environmental  Management  Initiative,  t 
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1.3  Process  Resources  Quantification 

A  completed  process  flow  diagram  can  be  used  to  track 
the  resources  used  in  each  process  step.  This  approach 
uses  a  technique  similar  to  the  material  and  energy 
balance  diagrams  used  in  engineering  analysis  to  develop 
a  labor,  material,  and  energy  flow  diagram.  The  ECAM 
tracks  labor  and  other  resources  that  are  used,  or 
consumed,  in  each  process  step.  The  resources  represent 
an  input  to  the  process  and  are  transformed  or  consumed 
according  to  the  sequence  of  steps  until  the  final  output 
is  generated. 

The  ECAM  identifies  the  quantities  of  the  resources  used 
to  each  step  in  the  process.  Material,  utilities,  and  labor 
inputs  and  outputs  are  tracked  and  associated  with  each 
process  step  being  analyzed. 

For  example,  process  steps  using  hazardous  materials 
and  producing  hazardous  waste  should  be  identified. 

The  associated  quantities  of  the  inputs  and  outputs  may 
include  hazardous  chemicals  and  waste  by-products  such 
as  contaminated  rinse  water.  The  ECAM's  systematic 
approach  increases  the  precision  of  the  analysis  and  the 
likelihood  that  often  overlooked  environmental  costs  will 
be  considered. 


The  process  flow 
diagram  is  used  to  track 
resources  consumed  in 
each  step  and  to 
generate  a  balanced 
resource  flow  diagram. 


Current  Method:  Add  Disposed  of  as  Hazardous  Waste 
{Figures  Based  on  Engineering  Estimates) 


Air  Emissions:  Insignificant 


HCI  Solution:  1100gal/yr. 

Coated  Parts:  9,375/yr  (ave.)- 
Labor  2000hrs/yr- 
Utilities:  Insignificant - 


'  Notes:  I 

I  HW=  Hazardous  Waste  I 

I  IWTP  =  Industrial  Wastewater  | 

I  Treatment  Ptarrt  . 

I  HCI=  Hydrochloric  Acid  Solution 


Pans:  9.375/yr(ave.) 


Acid:  SOOgalTyr 


Water  720.000  gal/yr 
Waste  Add:  600  gal/yr 
Waste  Add  Drums:  12/yr 
HW  Handiing/Mgmt  Labor  200  hrs/yr 


IWTP 


Figure  4.  Sample  Input/Output  Flow 
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The  final  outcome  of  this  task  is  an  input/output  (I/O) 
diagram  such  as  the  one  shown  in  Figure  4.  The  diagram 
contains  information  about  the  resources  consumed  by 
the  process  as  well  as  its  products  and  by-products  (i.e., 
waste  streams). 

The  same  procedures  are  to  be  applied  to  the  proposed 
technology,  and  a  corresponding  I/O  diagram  must  be 
developed 

Each  resource  is  consumed  at  a  given  rate  {driver).  The 
driver  is  the  rate  at  which  a  resource  is  consumed  by  the 
activity  within  the  step  in  the  process.  Therefore  the 
resource  driver  identifies  the  causal  relationship  of  the 
resource  consumption  during  each  activity.  For 
example,  the  resource  "labor"  is  consumed  as  a  function 
of  the  "number  of  parts  processed"  or  "nimiber  of  waste 
drums  shipped".  Table  2  provides  an  example  based  on 
the  resource  flow  diagram  shown  in  Figure  4. 


Table  2.  Sample  Resources  Consumption  Table 


Estimated  Annual  Quantity 

Resource 

Current 

Method 

Proposed 

Method 

Deionized  water  added  to 
Diffusion  Dialysis 

0 

900  gal 

*  Hazardous  Waste  drums 
(55-gallon) 

12 

0 

*  Hazardous  Waste 
generated/managed 

600  gal 

0 

HCl  sent  to  rinse  tank/industrial 
Wastewater  Treatment  Plant 

500  gal 

500  gal 

Hydrochloric  Acid  added  to  acid 
bath 

1100  gal 

980  gal 

Labor  for  acid  dip  (direct) 

2000  hrs 

1800  hrs 

Labor  to  manage/handle 
Hazardous  Waste 

200  hrs 

0 

*  Labor  to  operate  Diffusion 
Dialysis  system 

0 

200  hrs 

*  Utilities 

Insignificant 

Insignificant 

*  Wastewater  sent  to  Industrial 
Wastewater  Treatment  Plant 

720,000  gal 

721,380  gal 

*  Also  considered  a  resource  consumed  by  environmental  activity. 


The  resource  driver 
determines  the 
relationship  between 
resource  consumption 
and  an  activity. 
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The  collection  of  reliable  quantitative  information  is  an 
important  task  that  impacts  the  accuracy  of  the  entire 
analysis.  Resource  quantities  consumed  by  the  process 
can  be  obtained  through  direct  process  observation,  by 
reviewing  inventory  and  purchase  records,  and  by 
interviewing  managers  and  staff  personnel.  Utility  data 
can  be  collected  by  reviewing  utility  bills,  examining 
equipment  plates,  and  taking  measurements  where 
appropriate.  Utilities  include  electric  energy,  water,  gas, 
and  other  infrastructure  support.  The  process 
information  checklists  provided  in  Appendix  B  to  the 
Handbook  aid  in  the  collection  process. 

The  outcome  of  this  task  is  the  total  quantity  of  the 
resources  consumed  by  the  process  steps,  expressed  on 
an  aimual  basis. 


1.4  Direct  Cost  Identification 

Calculating  the  total  direct  costs  of  the  process  is  the 
final  task  in  completing  The  ECAM  Level  I.  Resource 
quantities  have  been  identified  and  totaled  at  this  point. 

To  define  the  costs  associated  with  the  consumption  of 
resources,  users  must  merge  quantity  information 
provided  by  process  managers  with  cost  information 
provided  by  the  facility  accoimting  staff.  The 
information  extracted  by  the  facility  accounting  systems, 
however,  may  not  be  readily  available  or  conveniently 
formatted.  At  this  stage,  an  accurate  cost  estimate  based 
on  an  engineering  calculation  may  represent  a  viable 
alternative. 

Existing  cost-benefit  analyses  studies,  department 
budgets,  invoices,  receipts  and  various  other  financial 
data  are  good  information  sources.  It  is  important; 
however,  to  validate  these  types  of  information  with  the 
information  contained  in  the  facilities  cost  accounting 
system.  If  process  managers  cannot  link  the  cost 
information  to  the  facility’s  accotmting  system,  actual 
savings  and  benefits  cannot  be  demonstrated. 
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Once  the  cost  information  has  been  gathered,  users  must 
determine  the  unit  cost  of  each  resource  consumed  in  the 
process.  The  unit  cost  is  simply  the  total  cost  divided  by 
the  total  quantity  of  the  resource  consumed. 

For  example,  if  the  organization  spent  $484,000  on 
environmental  training  and  trained  300  employees  during 
the  year;  the  unit  cost  would  be  $1,266  per  employee. 

The  annual  cost  associated  with  each  resource  consumed 
during  an  activity  is  then  obtained  by  multiplying  the 
unit  cost  by  the  annual  driver  (quantity  consumed)  for 
that  activity.  For  the  previous  example,  if  two 
individuals  are  assigned  to  the  process  the  cost  of 
environmental  training  associated  with  the  process  would 
be  $2,522  per  employee  ($1 ,266  x  2  =  $2,522).  This  task 
must  be  completed  for  both  the  current  and  proposed 
methods  when  comparing  an  existing  process  to  a  new- 
one,  as  shown  in  Tables  3  and  4. 


Table  3.  Direct  Process  Costs  (Current  Process) 


Resource 

A.NNUAL  Quantities  Used 
AND  COST  Factors 

Annual 

Cost 

Hazardous  Waste  drums 
(55-gallon) 

12  drums 

$65/drum 

$780 

Hydrochloric  Acid  added 
to  bath 

1100  gal 

$3. 14/gal 

$3,450 

Industrial  Wastewater 
Treatment  Plant 
(Hydrochloric  Acid  + 
wastewater) 

720,500 

gal 

$18,94/kgal 

$13,646 

Labor  for  acid  dip 

2,000  hrs 

$60/hr 

$120,000 

Direct  process  labor  to 
manage/handle  HW 

200  hrs 

$60/hr 

$12,000 

Utilities  (lighting, 
heating,  air  conditioning) 

1,000 

$0.50/ft^ 

$500 

Total 

— 

— 

$150,376 

The  ECAM  Level  I  is  completed  when  all  the  direct 
costs  have  been  identified,  so  that  the  stun  of  the  direct 
process  cost  can  be  totaled. 
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Table  4.  Direct  Process  Costs  (Proposed  Process) 


RESOURCE 

ANNUAL 

QUANTITIES  USED 
AND  COST  FACTORS 

ANNUAL 

COST 

Hazardous  Waste  drums 

(55-ga!lon) 

0  drums 

$65/dnim 

SO 

Deionized  water  added  to 
Diffusion  Dialysis 

900  gal 

$0.03/gal 

S27 

Hydrochloric  Acid  added 
to  bath 

980  gal 

S3-14/gal 

$3,074 

IWTP  (HCl  + 
wastewater) 

721,880 

gal/yr 

$18.94/kgal 

S  13,672 

Labor  for  acid  dip  + 
Diffusion  Dialysis 

2,000  hrs 

$60/hr 

$120,000 

Direct  process  labor  to 
manage/handle 

Hazardous  Waste 

0  hrs 

S60/hr 

$0 

Utilities  (lighting, 
heating,  air 
conditioning) 

1,000  fl2 

$0.50/ft2 

$500 

Utilities  (electricity  for 
Diffusion  Dialysis) 

0.22  kWh/hr, 
i  24hrs/day, 
350days/yr 

$0.035/kWh 

$65 

Total 

i 

— 

$137,338 

Note  that  direct  costs  include  both  “conventional”  and 
“environmental”  costs.  The  ECAM’s  successful 
application  does  not  depend  on  the  precise  classification 
of  direct  costs  as  either  conventional  or  environmental. 
The  ECAM’s  main  goal  is  to  provide  decision  makers 
with  total  relevant  cost  information  on  the  process  under 
evaluation. 

1.5  Capital  Cost 

Complete  identification  of  conventional  direct  costs 
should  include  capital  equipment  costs  of  the  proposed 
new  technology.  Cost  information  of  major  equipment 
involved  in  the  process  under  evaluation  should  include 
the  date  of  acquisition,  purchase  price,  installation  and 
start-up  costs,  and  its  useful  life. 


i 
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Other  initial  investment  costs,  such  as  design,  site 
preparation,  installation,  and  start-up  costs  should  also  be 
considered. 

Cost  associated  with  the  old  process  are  generally 
considered  a  sunk  cost,  having  no  economic  value. 

There  may  be  a  positive  salvage  value  to  the  existing 
technology,  however.  The  capital  cost  of  the  new 
technology  can  be  reduced  by  the  estimated  revenue 
earned  from  the  sale  of  the  old  equipment 

2.0  ECAM  LEVEL  II:  IDENTIFICATION  AND 
ASSIGNMENT  OF  ENVIRONMENTAL 
ACTIVITY  COSTS 

The  ECAM  Level  II  seeks  to  establish  the  costs  of 
additional  environmental  activities  supporting  the 
process  imder  consideration.  Such  activities  are  usually 
performed  for  the  entire  facility.  A  portion  of  these 
environmental  activities  supports  the  process  xmder 
evaluation,  and  its  cost  is  to  be  assigned  to  the  process. 

To  determine  facility  indirect  environmental  costs,  one 
must  first  identify  the  environmental  activities,  the 
resources  consumed,  and  the  causal  relationships  (umt 
cost)  between  the  environmental  activities  and  the 
resources  used  to  perform  them.  Once  this  is  completed, 
environmental  activity  costs  can  then  be  assigned  to  the 
process. 

The  ECAM  Level  II  involves: 

.  Identifying  the  environmental  activities  supporting 
the  process; 

.  Identifying  resources  consumed  by  environmental 
activities; 

.  Identifying  the  unit  cost  for  the  environmental 
activities; 

•  Assigning  environmental  costs  to  the  process. 


The  EC  AM’s  successful 
application  does  not 
depend  on  the  precise 
classification  of  direct 
costs  as  either 
conventional  or 
environmental. 


Capital  equipment  costs 
are  direct  costs. 
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2.1  Identification  of  Environmental  Activities 

To  determine  environmental  activity  costs,  one  must  first 
identify  all  of  the  environmental  activities  performed 
within  a  facility.  These  can  then  be  evaluated  to 
determine  which  activities  are  associated  with  the 
process  under  consideration.  These  activities  can  be 
compiled  using  an  environmental  activities  checklist,  as 
shown  in  Appendix  B. 

Listed  below  are  examples  of  environmental  activities 
for  the  sample  process  depicted  in  section  1.0. 

•  Documentation  maintenance  (e.g.,  MSDSs, 
emergency  plans) 

•  Compliance  audits  (internal,  external) 

•  EHS  training  (instructor/contract  labor) 

•  EHS  training  (loss  of  productive  labor) 

•  Environmental  management  plan  maintenance 
(e.g.,  HW  Management  Plan,  Pollution 
Prevention  Plan) 

•  Reporting  requirements  (e.g.,  federal,  state, 
EPCRA/TRI) 

•  Test/Analyze  waste  streams 

•  Sample  waste  streams 

•  Waste  disposal  (off-site) 

•  Medical  exams  (medical/contract  labor) 

•  Medical  exams  (loss  of  productive  labor) 

•  Transport  wastes  on  site 

•  Permitting  requirements  (e.g.,  CAA,  state,  local) 


An  environmental 
activities  checklist  helps 
identify  the  appropriate 
environmental  activities. 


Once  environmental 
activities  are 
determined,  the 
resources  they  consume 
can  be  identified. 
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•  Hazardous  waste  manifest  preparation 

•  Hazardous  waste  container  labeling 

•  Hazardous  waste  storage/  accumulation  area 
maintenance 

•  EHS  training  (includes  loss  of  productive  labor 
hours) 

•  Internal  Audits 

2.2  Identification  of  Resources  Consumed  by 
Environmental  Activities 

Resources  consumed  by  the  process,  such  as  labor, 
materials,  and  contractor  services,  must  be  identified  for 
each  environmental  activity.  Resources  represent  the 
assets  of  the  organization  that  are  consumed  in  the 
performance  of  various  activities.  Table  5.  provides 
some  examples  of  resource  categories  and  environmental 
resources. 


Table  5.  Sample  Environmental  Resources 


ENVIRONMENTAL  ACTIVITY 

RESOURCES 

1 .  Compliance  audits  (internal,  external) 

Labor 

2.  Documentation  maintenance  (MSDSs, 
emergency  plans) 

Labor 

3.  EHS  training  (instructor/contract  labor) 

Contractor 

Labor  & 

Material 

4.  EHS  training  (loss  of  productive  labor) 

Labor 

5.  Environmental  management  plan 
maintenance  (HW  Management  Plan, 

Pollution  Prevention  Plan) 

Labor 

6.  Reporting  requirements  (federal,  state, 
EPCRA/TRI) 

Labor 

7.  Test/Analyze  waste  streams 

Contractor 

Labor  & 

Material 

8.  Sample  waste  streams 

Labor 

9.  Waste  disposal  (ofF-site) 

Contractor 

Services 

10.  Medical  exams  (medical/contract  labor) 

Contractor 

Labor 

1 1 .  Medical  exams  (loss  of  productive  labor) 

Labor 

12.  Transport  wastes  on  site  (indirect,  non¬ 
process  labor) 

Labor 

Resources  consumed  by 
environmental  activities 
can  be  identified 
through  direct 
interviews  and  review  of 
facility  records. 
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2.3  Identification  of  Environmental  Activity  costs 

In  the  previous  task,  environmental  activities  were  linked 
to  the  resources  they  consume.  The  next  task  is  to  define 
cause-and-effect  relationships  between  those  activities 
and  resources.  According  to  activity-based  costing 
principles,  variables  used  to  define  this  relationship  are 
referred  to  as  environmental  activity  drivers,  which  allow 
the  appropriate  cost  to  be  assigned.  The  drivers  selected 
must  be  measurable  in  terms  of  unit  and  cost,  and  must 
be  those  that  best  describe  the  relationship  between  the 
environmental  activity  and  the  resomces  consumed. 

Table  6.  illustrates  this  further  by  listing  the  resources 
and  drivers  associated  with  several  environmental 
activities. 

Table  6.  Sample  Resources  and  Drivers  for 
Environmental  Activities 


Enmronmental 

ACTIVITY 

Resources 

ACTlVri'Y 

DRIVER 

1. 

Compliance  audits  (internal, 
external) 

Labor 

Number  of  waste 
streams 

2. 

Documentation  maintenance 
(MSDSs,  emergency  plans) 

Labor 

Number  of  waste 
streams 

3. 

EHS  training 
(instructor/contract  labor) 

Contractor 

Labor  and 
Material 

Number  of 
persons 

4. 

EHS  training  (loss  of 
productive  labor) 

Labor 

Number  of 
persons 

5. 

Environmental  management 
plan  maintenance  (HW 
Management  Plan,  Pollution 
Prevention  Plan) 

Labor 

Number  of  waste 
streams 

6. 

Reporting  requirements 
(federal,  state,  EPCRA/  TRI) 

Labor 

Number  of  waste 
streams 

7. 

Test/Analyze  waste  streams 

Contractor 

Labor  & 

Material 

Number  of  waste 
streams 

8. 

Sample  waste  streams 

Labor 

Number  of  waste 
streams 

9. 

Waste  disposal  (off-site) 

Contractor 

Services 

Waste  volume 

10. 

Medical  exams 
(medical/contract  labor) 

Contractor 

Labor 

Number  of 
persons 

11. 

Medical  exams  (loss  of 
productive  labor) 

Labor 

Number  of 
persons 

12. 

Transport  wastes  on  site 
(indirect  non-process  labor) 

Labor 

Number  of  waste 
drums 

Environmental  activity 
drivers  define  the 
relationship  between 
environmental  activities 
and  the  resources  they 
consume. 
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Once  this  list  is  compiled,  environmental  activity  costs 
can  then  be  identified.  For  example,  compliance  audits 
consume  labor.  Conceptually,  the  process  with  the 
greatest  number  of  waste  streams  will  have  allocated  the 
largest  compliance  audit  cost.  The  quantity  of  labor 
consumed  is  a  function  of  the  number  of  waste  streams 
associated  with  a  process.  That  is,  the  environmental 
activity  driver  is  the  number  of  waste  streams.  The 
environmental  activity  cost  is  then  given  by  the  number 
of  waste  streams  multiplied  by  the  unit  cost  of  carrying 
out  the  activity  for  one  waste  stream. 

This  is  a  key  point  in  The  ECAM  application.  The 
information  that  can  be  collected  cost  effectively  drives 
the  ECAM  implementation.  It  is  not  strictly  necessary  to 
evaluate  the  cost  of  performing  environmental  activities 
for  an  entire  facility.  The  ECAM  users  can  choose 
between  two  approaches:  the  top-down  approach,  which 
uses  data  rolled  up  to  the  facility  level  and  is  available  in 
accounting  records,  or  the  bottom-up  approach,  which 
focuses  on  the  process  and  uses  information  generated  by 
engineering  estimates  and  process  documentation.  The 
bottom-up  approach  is  usually  more  practical  and  cost 
effective  to  apply. 

In  the  top-down  approach,  financial  data  are  extracted 
from  the  accoimting  system  in  order  to  identify  total  cost 
for  each  environmental  activity  for  the  facility. 

The  total  aimtial  cost  for  the  resource  consumed  by  each 
activity  is  divided  by  the  driver  quantities  to  calculate  a 
unit  cost  for  each  environmental  activity  identified. 
Quantity  information  about  the  environmental  activity 
(Mvers  is  drawn  from  interviews  ■with  technical, 
environmental,  and  accoimting  personnel.  Process 
managers  and  environmental  staff  can  provide  narrative 
descriptions  of  the  environmental  costs  associated  ■with 
the  process,  while  the  accounting  staff  can  help  trace 
these  costs  to  the  cost  accounting  system  or  other 
financial  records.  Appendix  B  provides  a  checklist  that 
assists  in  the  collection  of  facility  information. 


Existing  facility 
accounting  information 
can  be  used  to  extract 
environmental  activity 
costs. 
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The  top-down  approach  can  be  shown  using  EHS 
Training  as  an  example.  For  this  illustration,  EHS 
Training  consumes  three  resources;  direct  labor,  contract 
labor,  and  training  supplies. 

Next,  total  facility  costs  for  each  of  these  resources  is 
needed.  (This  may  be  available  in  the  cost  accounting 
system  or  other  accounting  reports.)  If  this  information 
is  not  readily  available,  it  is  reasonable  to  estimate  this 
cost.  For  this  example,  total  costs  for  these  resources  are 
as  follows; 

•  Direct  labor  =  $432,000 
.  Consultant  =  $30,000 
.  Training  supplies  =  $24,600. 

Next,  a  driver  must  be  identified  that  helps  tie  an 
appropriate  portion  of  the  total  facility  cost  to  the  process 
imder  study.  The  driver  chosen  here  is  number  of  people 
trained. 


To  establish  the  unit 
cost,  divide  the  total  cost 
for  environmental 
training  by  the  total 
number  of  persons 
trained 


To  continue  this  example,  it  is  assumed  that  300  people 
are  trained.  At  this  point,  it  is  possible  to  generate  a  unit 
cost  for  each  resotirce  by  dividing  the  total  facility  cost 
for  each  resource  by  the  driver  quantity.  Unit  costs  are 
stimmarized  in  Table  7. 

Table  7.  Summary  of  Resource  Drivers 
and  Unit  Costs  for  EHS  Training 


RESOtJRCE 

Total 

Facility 

COST 

Driver 

driver 

Quantity 

Unit 

Cost 

Labor 

$432,000 

people 

300 

$1,440 

Consultant 

$30,000 

people 

300 

$100 

Training 

supplies 

$  24,600 

people 

300 

$82 
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Now,  by  identifying  the  driver  quantity  associated  with 
the  specific  process,  it  is  possible  to  estimate  an 
appropriate  portion  of  total  facility  costs  to  the  process 
under  study. 

The  bottom-up  approach  is  also  described  in  the 
following  section.  Note  that  cost  data  used  by  the 
bottom-up  approach  is  usually  not  derived  from 
accounting  ledgers  or  operating  statements.  Ruther, 
engineering  estimates  and  other  engineering  or  cost 
Studies  are  a  more  likely  source.  This  method,  therefore, 
may  be  less  accurate.  Ideally,  both  the  bottom-up  and 
top-down  approaches  will  be  used  together  to  increase 
confidence  in  the  data  and  results. 


2.4  Assignment  of  Environmental  Activities  Costs 
to  Process 

In  this  section,  a  driver  quantity  is  identified  for  each 
resource  consumed  by  the  environmental  activity 
associated  vrith  the  process  under  study.  Continuing 
with  the  example  from  section  2.3,  the  number  of  people 
associated  with  each  activity  for  the  process  are 
identified  in  Table  8.  For  this  example,  two  operators 
are  assumed  to  be  needed  to  operate  the  equipment.  This 
table  also  shows  annual  costs  calculated  for  each 
activity. 


Table  8.  Environmental  Activity,  Drivers,  Quantities, 
and  Costs  for  Process 


ENvmoNMENTALAcnvrrY:  EHS  Training 

RESOURCE 

DRIVER 

Process 

QUANTITY 

UNIT 

Cost 

activity 

Cost 

In-house 

labor 

number  of 
people 
trained 

2 

$1,440 

$2,880 

Contract 

labor 

number  of 
people 
trained 

2 

$100 

$200 

Training 

supplies 

number  of 
people 
trained 

2 

$82 

$!64 

The  costs  of  environ¬ 
mental  activities  must  be 
assigned  to  the  process. 


-22- 


Environmental  Cost  Analysis  Methodology  (ECAM)  Handbook 


Tables  9  and  10  provide  drivers,  driver  quantities,  unit 
costs,  and  total  annual  costs  associated  with  a  number  of 
environmental  activities  for  the  example  current  and 
proposed  processes. 


Table  9.  Resources,  Drivers,  and  Costs  for 
Environmental  Activities  (Current  Process) 


Envuionmental 

ACTIVITY 

Driver 

Qty 

Unit 

Cost 

Annual 

Cost 

1.  Compliance  audits 
(internal,  external) 

Number  of 
waste 

streams 

1 

S30 

$30 

2.  Documentation 

maintenance  (MSDSs, 
emergency  plans) 

Number  of 
waste 

streams 

1 

$30 

$30 

3.  EHS  training 
(instructor/  contract 
labor) 

Number  of 
workers 

2 

$100 

$200 

4.  EHS  training  (loss  of 
productive  labor) 

Number  of 
workers 

2 

$1,266 

$2,532 

5.  EHS  training  (supplies) 

Number  of 
students 

2 

$82 

$164 

6.  Environmental  mgmt. 
plan  maintenance  (HW 
Management  Plan, 
Pollution  Prevention 

Plan) 

Number  of 
waste 

streams 

1 

$30 

$30 

7.  Reporting  requirements 
(federal,  state,  EPCRA/ 
TRI) 

Number  of 
waste 

streams 

1 

$30 

$30 

8.  Test/Analyze  waste 
streams 

Number  of 
waste 

streams 

1 

$750 

$750 

9.  Sample  waste  streams 

Number  of 
waste 

streams 

1 

$30 

$30 

10. Waste  disposal  (off¬ 
site) 

Gallons  of 
waste 

600 

$3,675 

$2,205 

1 1  .Medical  exams 
(medical/contract 
labor) 

Number  of 

exams 

1  1-1 

$200 

$220 

12.Medical  exams  (loss  of 
productive  labor) 

Number  of 

exams 

1 

$480 

$528 

1 3  .Transport  wastes  on 
site  (indirect,  non¬ 
process  labor) 

Number  of 
drums 

12 

$60 

$720 

Total 

— 

— 

— 

$7,469 

The  following  tasks  are 
performed  to  identify  or 
estimate  an  appropriate 
cost  of  each  environmental 
activity  associated  with  the 
process  under  study: 


1.  Identify  total  facility 
costs  for  each 
environmental 
activity  applicable  to 
the  process 

2.  Identify  facility 
resources  consumed 
by  each  activity 

3.  Identify  the 
relationship  between 
the  activity  performed 
and  resource 
consumed  (i.e.  driver) 
Identify  the  total 
driver  quantity 
consumed  at  the 
facility. 

4.  Calculate  a  unit  cost 
for  each  driver 

5.  Identify  the  driver 
quantity  for  each 
resource  consumed  by 
the  process 

6.  Calculate  the  total 
cost  for  each  resource 
consumed  by  the 
process. 
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Table  10.  Environmental  Activities 
(Proposed  Process) 


Environmental 

activity 

Driver 

QTY 

Unit 

Cost 

annual 

COST 

1.  Compliance  audits 
(internal,  external) 

Number  of 
waste  streams 

0 

$30 

$0 

2.  Documentation 
maintenance 
(MSDSs, 
emergency  plans) 

Number  of 
waste  streams 

0 

$30 

$0 

3.  EHS  training 
(instructor/contract 
labor) 

Number  of 
workers 

1 

$100 

$100 

4.  EHS  training  (loss 
of  productive  labor) 

Number  of 
workers 

1 

$1,266 

$1,266 

5.  EHS  training 
(supplies) 

Number  of 
workers 

1 

$82 

$82 

6.  Environmental 
mgmt.  plan 
maintenance 
(HW  Management 
Plan,  Pollution 
Prevention  Plan) 

Number  of 
waste  streams 

0  . 

$30 

$0 

7.  Reporting 
requirements 
(federal,  state, 
EPCRA/TRI) 

Number  of 
waste  streams 

0 

$30 

$0 

8.  Test/Analyze  waste 
streams 

Number  of 
waste  streams 

0 

$750 

$0 

9.  Sample  waste 
streams 

Number  of 
waste  streams 

0 

$30 

$0 

10. Waste  disposal 
(off-site) 

Gallons  of 
waste 

0 

$3.67 

$0 

1 1  .Medical  exams 
(medical/contract 
labor) 

Number  of 

exams 

1 

$200 

$200 

12. Medical  exams 
(loss  of  productive 
labor) 

Number  of 
exams 

1 

$480 

$480 

13. Transport  wastes  on 
site  (indirect,  non- 
process  labor) 

Number  of 
waste  streams 

0 

$30 

$0 

Total 

— 

— 

— 

$2428 

Repeat  tasks  1-6  for 
proposed  process  of 
technology  change. 
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3.0  ECAM  LEVEL  III:  IDENTIFICATION  AND 
ASSIGNMENT  OF  OTHER  COSTS 

The  ECAM  Level  III  identifies  and  assigns  other  costs 
(and  benefits)  associated  with  the  process  under 
evaluation.  These  include: 

•  Non-environmental  support  and  overhead  costs 

•  Costs  and  benefits  associated  with  the  impact  of 
the  process  on  productivity. 

3.1  Identification  and  Assignment  of  Support  and 
Overhead  Costs 

Manufacturing,  facility,  and  general  and  administrative 
(G&A)  overhead  are  usually  assigned  to  the  process 
through  an  allocation  mechanism  generally  based  on  the 
proportion  of  labor  hours  consumed  by  the  process. 

These  costs  are  incurred  when  performing  functions  that 
support  facility  operations,  such  as  human  resource 
management,  information  technology  support,  janitorial 
services,  accounting,  and  facility  rent. 

The  ECAM  Levels  I  and  II  have  greatly  improved  the 
degree  of  precision  in  assigning  such  costs,  since  costs 
for  energy,  other  utilities,  and  environmental  activities 
have  been  assigned  using  direct  or  cause-and-effect 
methods. 

After  conducting  Levels  I  and  II,  users  should  determine 
if  a  higher  degree  of  accuracy  is  required  for  an 
appropriate  process  evaluation. 

As  a  general  guideline,  other  overhead  costs  should  be 
assigned  more  precisely  only  if  the  ECAM  users  believe 
that  significant  costs  associated  with  the  process  can  still 
be  overlooked,  and  it  is  cost  effective  to  analyze  such 
costs.  Another  reason  for  not  considering  these  costs  in 
the  investment  analysis  is  based  on  the  with-without 
principle.  When  evaluating  an  investment,  only  the  cash 
flows  that  are  different  when  comparing  two  alternatives 


The  ECAM  Level  III 
identifies  and  assigns 
other  costs  associated 
with  the  process. 


Non-environmental 
overhead  costs  should 
be  assigned  more 
precisely  only  if  it  is  cost 
effective. 
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are  relevant  to  the  decision,  and  all  those  that  are  the 
same  are  irrelevant.  It  is  likely  that  the  proposed 
investment  will  not  cause  changes  in  the  expenditures 
incurred  by  the  human  resource  department,  for  example. 

Since  these  cost  do  not  change,  identifying  these  costs  is 
irrelevant  to  the  investment  decision. 

Once  this  determination  is  made,  overhead  costs  can  be 
identified  and  assigned  to  the  process  by  following  the 
same  procedures  described  in  section  2.  The  tasks  to  be 
completed  are  similar  to  those  identified  for  ECAM 
Level  II  and  are  summarized  as  follows: 

»  Task  One-Build  an  activities  checklist  by 

identifying  the  activities  that  support  the  process 
but  have  not  been  considered  in  The  ECAM  Levels 
I  and  II. 

.  Task  Two-Identify  the  resources  consumed  by  such 
activities. 

.  Task  Three-Identify  the  costs  associated  with  the 
activities  according  to  activity-based  costing 
principles,  by  establishing  cause-and-effect 
relationships  and  defining  activity  drivers. 

.  Task  Four-Assign  the  activity  costs  to  the  process 
by  multiplying  the  driver  or  quantity  consumed  by 
the  unit  cost  associated  with  the  activity. 


Again,  the  incremental  value  of  applying  these 
procedures  may  be  very  small  depending  on  the  process 
to  be  evaluated,  and  there  may  be  no  practical  advantage 
in  performing  this  level  of  analysis. 

3.2  Productivity  Costs  and  Benefits 

The  proposed  technology  under  evaluation  may  cause 
significant  impacts  on  productivity.  For  example,  cycle 
time  can  be  significantly  reduced  because  of  a  new 
technology.  This  impact  may  cause  significant 
productivity  improvements  that  should  be  quantified  in 
order  to  correctly  evaluate  the  process. 


The  with-without 
principle  governs  the 
determination  of 
relevant  cash  flows. 


Costs  and  benefits 
generated  by 
productivity  changes 
should  be  identified  and 
assigned. 
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The  ECAM  Level  III  identifies  and  assigns  costs  and 
benefits  linked  to  changes  in  productivity.  This  task 
requires  ECAM  users  to  effectively  estimate  the  impact 
of  such  productivity  changes. 

For  example,  a  significant  reduction  in  cycle  time  for  a 
process  that  is  part  of  a  general  logistics  process  (such  as 
parts  repair)  causes  a  reduction  in  response  time,  a  key 
logistics  productivity  parameter.  This  directly  impacts 
the  inventory  used  to  support  the  process.  A  reduction  in 
the  logistics  response  time,  in  fact,  -would  require  a  lower 
level  of  inventory  to  be  carried,  if  all  other  conditions 
remain  equal.  Lower  inventory  levels  result  in  lower 
operating  costs,  or  more  precisely,  lower  inventory 
carrying  costs  and  lower  capital  costs.  This  may 
represent  an  extremely  significant  benefit  that  should  be 
quantified  for  an  accurate  process  evaluation. 


The  quantification  of  operating  costs  associated  with 
maintaining  a  given  level  of  inventory  {inventory  holding 
costs)  can  be  achieved  by  considering: 

•  Opportunity  costs 

•  Storage  and  warehousing  costs 

•  Obsolescence  costs. 


Inventory  holding  costs  can  be  estimated  based  on 
guidance  provided  by  the  General  Accounting  Office 
(GAO).**  According  to  the  GAO,  annual  inventory 
holding  costs  may  range  between  3  percent  and  7  percent 
of  the  total  value  of  the  inventory,  with  the  exception  of 
opportunity  costs.  Table  11.  provides  an  example  of 
annual  savings  generated  by  reductions  in  inventory 
holding  costs. 


Table  11.  Potential  Annual  Savings  Generated  by 
Reductions  in  Inventory  Holding  Costs 


Reduced 

Cycle 

Time 

Inventory 

Value 

Lnventory 

Costs 

PPOKTUNITY 

Costs 

Potential 

annual 

Savings 

40% 

$14,543,500 

$581,740 

$509,023 

$1,090,763 

proposed  pollution 
preventiori  technology 


changes  in  productivity^ 


IDENTIFICATION  &  ASSIGNMENT 
OF  COSTS  AND  BENEFITS 


^  Defense  Inventory  -  Cost  Factors  Used  to  Manage  Secondary 
Items,  GAO  Report,  May  1992. 
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The  outcome  of  this  task  is  the  identification  and 
assignment  of  costs  and  benefits  linked  to  changes  in 
productivity  induced  by  the  proposed  pollution 
prevention  technology. 

4.0  FINANCIAL  ANALYSIS 

The  ECAM  Levels  I,  II,  and  III  generate  information  to 
use  in  making  capital  investment  decisions.  A  key 
benefit  of  The  ECAM,  compared  to  other  methods,  is  the 
availability  of  more  complete  and  accurate  cost 
information,  specifically,  environmental  costs.  This 
helps  the  organization  to  identify  any  cost  savings  or 
expenses  that  will  occur  as  a  result  of  the  proposed 
investment.  The  financial  analysis  can  be  performed  at 
the  conclusion  of  any  level  of  the  ECAM. 

Once  costs  are  assigned  to  the  process,  environmental 
investment  alternatives  are  evaluated  on  the  basis  of  their 
relative  cost  or  benefit  to  the  organization.  The  financial 
data  analysis  portion  of  the  ECAM  includes  a  life-cycle 
cost  (LCC)  analysis  and  a  financial  analysis  that  generate 
financial  performance  indicators  such  as  payback,  net 
present  value  (NPV),  and  internal  rate  of  return. 

This  section  covers  the  financial  analysis  process, 
assumptions  made  in  this  financial  analysis  model,  and 
steps  for  conducting  an  LCC  analysis  and  evaluating 
economic  performance  measures. 

4.1  Fundamental  ECAM  Assumptions 

The  ECAM  incorporates  specific  assumptions  consistent 
with  DOD  and  Office  of  Management  and  Budget 
(0MB)  policies.  Depreciation  is  not  considered  in  the 
ECAM’s  financial  analysis.  The  DOD  expenses  its 
investments  in  the  current  budget  year.  After  an 
investment  has  been  made  from  the  current  year's 
budget,  the  value  of  that  investment  is  not  depreciated 
and  modified  in  future  years. 

The  ECAM  uses  a  15-year  study  period  for  evaluating 
the  financial  viability  of  the  proposed  investment. 
Analyzing  the  investment  over  such  a  length  of  time, 
which  is  generally  longer  than  that  used  in  traditional 
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methods,  allows  organizations  to  evaluate  the  real  costs 
and  benefits  of  the  proposed  technology,  as  returns  on 
pollution  prevention  investments  are  generally  longer 
term.  Ev^uating  the  costs  of  the  investment  over 
different  intervals  can  provide  the  organization  with 
insight  regarding  the  true  period  in  which  investment 
will  be  recouped.  By  contrast,  simple  payback,  while 
providing  an  important  initial  picture  of  the  investment, 
often  does  not  account  for  out  year  capital  and  expenses, 
and  hence  does  not  accurately  capture  the  total  costs  and 
benefits  to  the  organization. 

Because  DOD  does  not  pay  state,  local,  or  federal 
income  taxes,  taxes  are  not  included  in  the  ECAM 
financial  analysis. 

The  discount  rate  to  be  used  in  The  ECAM  is  based  on 
guidance  offered  by  the  0MB  through  0MB  Circular 
A-94.^  Note  that  the  0MB  reference  provides  both  real 
and  nominal  rates  for  specified  time  periods,  or 
maturities:  3-,  5-,  7-,  10-,  and  30-year  periods.  Real 
interest  rates  accoimt  for  the  effect  of  inflation  when 
conducting  financial  analyses. 


The  ECAM  prescribes  a 
15-year  period  for 
evaluating  an 
investment. 


The  discount  rate  used 
in  the  financial  analysis 
is  identified  in  0MB 
Circular  A-94. 


4.2  Life  Cycle  Cost  Analysis 

LCC  analysis  allows  users  to  evaluate  the  investment 
correctly  by  incorporating  all  costs  associated  with  the 
entire  life  cycle  of  the  technology.  The  LCC  analysis 
incorporates  several  categories  of  costs,  such  as: 

•  Initial  investment 

•  Capital  replacements 

•  Operating,  maintenance,  and  repair  (OM&R)  costs, 
including  non-capital  replacements 

•  Energy  costs  associated  with  the  selected  process. 


Life-cycle  cost  analysis 
provides  a  complete 
investment  evaluation. 


^  OMB  Circular  No.  A-94  (Revised),  Guidelines  and  Discount  Rates 
for  Benefit-Cost  Analysis  of  Federal  Programs,  Washington  DC, 
October  29,  1992. 


-29- 


Environmental  Cost  Analysis  Methodology  (ECAM)  Handbook 


The  ECAM  maintains  consistency  with  LCC  analysis 
principles  by  including  all  significant  costs  incurred  for 
each  alternative,  fi'om  inception  to  abandonment.  To 
accurately  account  for  the  principles  embodied  in  LCC 
analysis,  estimates  should  include  the  ultimate  disposal 
(through  disassembly,  recycling,  and  refinbishment)  The 
LCC  analysis  is  used  to  rank  alternatives  on  the  basis  of 
the  life-cycle  cost  of  each  alternative.  These  costs  are 
evaluated  over  the  15-year  period  using  discounted  cash 
flow  (DCF)  techniques  and  the  recommended  0MB 
discount  rate. 

Not  all  technologies  result  in  a  reduction  in  cost  over  the 
status  quo.  In  many  cases,  the  technology  alternatives 
available  may  be  more  costly  than  the  current  process 
but  may  be  required  to  meet  regulatory  or  mission 
critical  objectives.  In  this  case,  the  identification  of  the 
alternative  with  the  lowest  LCC  option  is  the  objective  of 
the  ECAM. 


4.3  Financial  Performance  Measures 

The  three  steps  in  the  financial  evaluation  of  investment 
opportunities  include:^ 

.  Estimating  the  relevant  cash  flows 

•  Calculating  a  financial  performance  measure 

.  Comparing  that  measure  with  an  acceptance 
criterion. 

Calculating  a  financial  performance  measure  requires  an 
understanding  of  the  time  value  of  money  and  an 
accurate  estimate  of  relevant  cash  flows.  The  following 
principles  govern  the  determination  of  relevant  cash 
flows  and  call  for  the  exercise  of  judgment  and 
perspective; 


The  investment  is 
evaluated  by  estimating 
the  relevant  cash  flows, 
calculating  a  financial 
performance  measure, 
and  comparing  that 
measure  with  an 
acceptance  criterion. 


^  R.C.  Higgins:  Analysis  for  Financial  Management,  Irwin,  Fourth 
Ed.,  1995. 
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•  The  cash  flow  principle:  Because  a  dollar  received 
today  has  greater  value  than  the  same  dollar  received 
in  the  future,  one  should  record  cash  flows  in  the 
period  they  occur.  The  dollar's  value  can  be  lost  due 
to  inflation  and  rising  prices,  for  example. 

•  The  with-without  principle:  Two  situations  should 
be  compared:  one  in  which  the  investment  is  made 
and  one  in  which  the  investment  is  rejected.  Cash 
flows  that  are  different  from  these  two  situations  are 
relevant  to  the  decision,  and  all  those  that  are  the 
same  are  irrelevant.  Only  the  costs  which  change  are 
to  be  considered.  Costs  which  are  imchanged  can  be 
overlooked;  this  incremental  approach  greatly 
reduces  the  cost  categories  to  be  considered. 

Discounted  cash  flow  (DCF)  techniques  are  at  the  basis 
of  financial  analysis.  DCF  techniques  recognize  the  time 
value  of  money  and  provide  the  financial  indicators  used 
to  make  an  investment  decision:  payback  period,  net 
present  value  (NPV),  and  internal  rate  of  return  (IRR). 

The  following  sections  define  each  indicator  and  discuss 
its  benefits  and  limitations  for  use  in  financial  analysis. 
The  ECAM  recommends  conducting  financial  analyses 
that  use  multiple  performance  indicators  to  determine  the 
most  viable  option. 


Payback  Period 

The  first  step  in  evaluating  a  new  pollution  prevention 
technology  is  to  calculate  simple  payback.  Simple 
payback  is  the  time  period  required  to  recover  100 
percent  of  investment  from  future  savings.  It  is 
calculated  by  dividing  the  total  project  investment  by  the 
annual  net  savings  (income)  of  the  project.  This  is  the 
first  indicator  to  use  when  evaluating  the  viability  of  a 
proposed  investment.  It  provides  an  initial  view  of  the 
project’s  costs  and  benefits. 

The  payback,  however,  should  not  be  relied  on  as  the 
sole  basis  for  investment  justification  because  the  time 
value  of  money  is  not  considered.  Payback  also  does  not 


The  ECAM  uses  simple 
payback  to  provide  a 
preliminary  view  of  the 
project’s  costs  and 
benefits. 


period 


Two  Year  Payback 
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consider  any  cash  flows  that  occur  after  the  payback. 
Looking  at  payback  without  NPV  can,  therefore,  lead  to 
the  selection  of  an  inferior  alternative. 

The  payback  period  is  a  rough  measure  of  investment 
risk.  In  most  settings,  the  longer  it  takes  to  recover  the 
investment,  the  greater  the  risk.  This  is  especially  true  in 
high-technology  settings  in  which  managers  can  forecast 
only  a  few  years  into  the  future. 

Net  Present  Value 

An  accurate  figure  of  investment  merit  must  reflect  the 
notion  of  the  time  value  of  money.  The  NPV  of  a  given 
investment  is  the  difference  between  the  present  value  of 
cash  inflows  (savings)  and  the  present  value  of  cash 
outflows  (capital  investment.)  To  calculate  NPV,  future 
cash  flows  are  discoimted  using  an  appropriate  discoimt 
rate.  (As  previously  stated,  the  ECAM  uses  the  discount 
rate  provided  in  0MB  Circular  A-94.) 

After  discounting  the  cash  flows,  the  initial  investment  is 
subtracted  to  arrive  at  the  project’s  NPV.  NPV  calculates 
both  the  inflows  and  outflows  associated  with  the 
technology.  A  positive  NPV  means  the  project  will  have 
an  acceptable  return.  By  contrast,  a  negative  NPV 
illustrates  that  the  project  will  not  have  an  acceptable 
return.  If  a  variety  of  projects  are  analyzed  and  multiple 
positive  NPVs  are  identified,  the  project  with  the  highest 
NPV  will  provide  the  highest  value. 

The  NPV  depends  greatly  on  the  discount  rate.  Using 
the  discount  rate  to  calculate  NPV  provides  a  future  look 
at  the  investment.  This  helps  express  the  value  of  a 
future  expenditure  in  the  current  year  and  considers  the 
time  value  of  money  (the  lost  opportunity  of  being  able 
to  invest  the  money  elsewhere)  by  discounting  future 
cash  flows.  For  example,  if  two  different  discount  rates 
are  used  to  evaluate  the  same  investment,  the  result  will 
be  two  very  different  NPVs.  The  higher  the  discount 
rate  relative  to  the  other  the  lower  the  NPV.  Therefore  to 
properly  compare  technology  alternatives  the  same 
discount  rate  is  required. 


The  ECAM  uses  multiple 
performance  indicators 
to  identify  the  most 
viable  investment. 


Net  Present  Value 


Net  present  value  is 
calculated  by  the  ECAM 
to  provide  an  accurate 
financial  performance 
measure  for  the 
proposed  investment. 
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Internal  Rate  of  Return 

The  Internal  Rate  of  Return  (IRR)  is  the  discount  rate  at 
which  the  NPV  is  equal  to  zero.  The  IRR  may  be 
calculated  by  looking  at  the  capital  costs  of  the  project 
and  the  discounted  future  savings  to  arrive  at  a  rate  of 
return  on  the  project  where  the  future  value  of  the 
savings  just  equals  the  capital  investment.  A 
shortcoming  of  the  IRR  is  that  it  does  not  take  into 
accoimt  the  total  dollar  return  the  way  NPV  does. 

The  investment  acceptance  criterion  against  which  to 
compare  the  IRR  is  Ae  opportunity  cost  of  capital  to  the 
organization.  The  investment  is  considered  to  be 
attractive  if  its  IRR  exceeds  the  opportunity  cost  of 
capital.  In  most  instances,  the  IRR  and  the  NPV  yield 
the  same  investment  recommendations. 

Summary  of  Investment  Performance  Measures 

Table  12  can  be  used  as  a  general  guideline  for 
evaluating  the  viability  of  a  proposed  pollution 
prevention  investment. 


Table  12.  Summary  of  Investment  Criteria 


Criteria 

Recommendations/Conclusions 

NPV>0 

Investment  return  acceptable 

NPV<0 

Investment  return  not  acceptable 

Highest  NPV 

Maximum  value  to  the  organization 

IRR  >  discovmt 
rate 

Project  return  acceptable 

IRR  <  discount 
rate 

Project  return  not  acceptable 

Lowest  LCC 

Project  costs  minimized 

Shortest  payback 
period 

Fastest  investment  recoup  and 
lowest  risk 

The  ECAM  uses  internal 
rate  of  return  as  an 
additional  indicator  of 
performance. 


The  IRR  is  a  process 
where  the  discount  rate 
is  progressively  changed 
until  the  discount  rate 
used  results  in  the  future 
savings  just  equaling  the 
capital  investment.  That 
rate  used  to  discount  the 
cashflows  is  the  rate  of 
return  earned  on  the 
investment. 


The  option  that  yields 
the  highest  NPV  and 
IRR  represents  the  most 
preferred  investment 
alternative. 
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NPV  and  IRR  are  the  preferred  ranking  measures 
because  they  both  consider  the  time  value  of  money. 
Payback  period  is  another  source  of  measure;  however,  it 
does  not  consider  the  time  value  of  money  and  can 
overstate  the  benefits  of  the  investment.  The  payback 
period  should  be  used  to  provide  an  initial  screen  of  the 
proposed  initiative.  In  cases  in  which  there  are  more 
than  one  proposed  technology,  the  one  with  the  highest 
IRR  and  NPV  is  the  best  choice. 

Table  13.  shows  a  sample  of  economic  indicators 
generated  by  The  ECAM.  The  analyst  may  wish  to 
conduct  a  sensitivity  analysis  of  the  proposed  investment 
by  changing  one  or  more  key  variables.  These  scenarios 
can  be  used  to  measure  the  magnitude  of  the  impact  on 
the  financial  indicators  as  a  result  of  change. 


Table  13.  Sample  Summary  of  Financial  Indicators 
Generated  in  The  ECAM  Sensitivity  Analysis 


REDUCTION 

Razardous  Waste  Volume  Reduction 

100% 

75% 

NPV 

$137,958 

$93,877 

$59,964 

Payback  Period 

0.8  years 

1.2  years 

1.7  years 

IRR 

119% 

85% 

58% 

The  financial  analysis  is 
facilitated  by  using 
P2/FINANCE. 
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4.4  Final  Report  Preparation 

The  ECAM  recommends  the  use  of  the  Pollution 
Prevention  Financial  Analysis  and  Cost  Evaluation 
System  (P2/FINANCE)  software  program  to  simplify  the 
task  of  organizing  and  analyzing  cost  data,  calculating 
annual  cash  flows,  and  generating  financial  indicators  for 
pollution  prevention  investments. 

The  final  report  should  include  all  supporting 
documentation  according  to  the  ECAM  Levels  I,  II,  and 
III  and  the  results  of  the  financial  analysis,  preferably 
presented  as  the  P2/FINANCE  program  reports. 

The  P2/FINANCE  system  is  proprietary  and  copyrighted 
by  Tellus  Institute  of  Boston,  Massachusetts.  It  is 
provided,  free  of  charge,  by  the  U.S.  Environmental 
Protection  Agency  as  a  service  to  government 
organizations  performing  financial  aneilysis  of  pollution 
prevention  projects.  Appendix  C  provides  a  description 
of  P2/FINAMCE  and  an  example  of  its  application. 
P2/FINANCE  software  and  the  User’s  Guide  may  be 
obtained  by  ordering  directly  from  the  EPA  Pollution 
Prevention  Information  Clearinghouse  (PPIC)  web  site: 
http://www.epa.gov/opptintr/p2home/ppicdist.htm 
(under  the  “Design  for  the  Environment  (DIE)”  section). 
Orders  may  also  be  placed  by  calling  the  PPIC  at 
(202)260-1023. 

5.0  QUALITATIVE  ISSUES 

The  decision  to  invest  in  a  pollution  prevention 
technology  should  not  be  based  entirely  on  financial 
analysis.  Certain  qualitative  issues  must  also  be 
considered.  Equally  important  are  the  public  relations 
benefits  that  come  with  implementing  pollution 
prevention  technologies,  and  the  potential  reductions  in 
financial  and  criminal  liability. 

Although  qualitative  issues  remain  largely  unexamined 
in  most  environmental  investment  decisions,  they  can  be 
identified  and  communicated  to  decision  makers  as 
added  benefits  of  project  implementation.  The  following 
sections  address  product  quality,  public  image,  potential 
liability,  and  employee  health  and  safety  issues  that 


The  ECAM  final  report 
includes  documentation 
on  The  ECAM  Levels  I, 
II,  and  III  and  the 
outcome  of  the  financial 
analysis. 


Qualitative  issues,  such 
as  product  quality, 
community  image,  and 
potential  liability,  play  a 
role  in  the  decision¬ 
making  process. 
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should  be  examined  during  the  decision-making  process. 
Methods  for  estimating  the  costs  of  these  criteria  are  also 
discussed. 

5.1  Product  Quality 

Product  quality  is  a  critical  component  in  the  decision¬ 
making  process.  Projects  that  appear  attractive 
financially  but  do  not  provide  the  desired  quality  cannot 
be  considered.  A  technology  that  adversely  impacts  a 
product  can  decrease  productivity  and  jeopardize  mission 
requirements.  Examples  exist  of  green  technologies  that 
reduced  pollution  and  made  financial  sense  to  the 
organization  but  later  exhibited  adverse  impacts  on 
product  quality. 

Each  project  evaluation  should  consider  the  impacts  of 
the  new  technology  on  similar  products.  Adequate 
research  and  pilot-scale  investigation  can  show 
preliminary  benefits  or  costs  of  the  proposed  technology 
on  product  quality.  Consideration  must  be  given  to  the 
specifications,  standards,  and  technical  order 
requirements  that  will  be  affected  by  the  proposed 
technology. 

In  some  cases,  implementing  new  technologies  can 
enhance  product  quality,  and  although  these  factors  are 
not  quantified  in  Ae  ECAM,  they  can  be  communicated 
to  decision  makers  as  additional  benefits  of  investment. 

Productivity  can  be  affected  significantly  by  pollution 
prevention  investments.  Proposed  pollution  prevention 
technologies  may  reduce  cycle  time  dramatically 
lowering  labor  costs.  These  improvements  in 
productivity  are  captured  in  the  ECAM  and  are  integral 
to  the  financial  anjJysis. 

Productivity  can  also  be  negatively  impacted  by 
technology  investments.  Some  process  changes  can 
reduce  pollution,  but  increase  cycle  time  or  even  require 
more  labor  than  the  current  process.  These  are  also 
identified  during  the  process  analysis  and  cost 
calculations.  Negative  impacts  will  be  calculated  by  the 
ECAM  and  should  be  identified  as  potential 
disadvantages  to  the  proposed  investment. 


•  System  enhances 
product  quality 

•  System  improves 
mission  readiness  and 
weapons  system 
effectiveness  through 
improved  product 
quality 


The  technology’s  impact 
on  product  quality  can 
be  used  to  screen 
various  options  from 
consideration. 


The  impacts  of 
investments  on  process 
efficiency,  and  employee 
productivity  should  be 
considered  in  the 
decision-making 
process. 
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5.2  Public  Image 

It  is  difficult  to  quantify  the  benefits  of  an  improved 
community  image,  or  that  of  a  “green”  organization. 
Negative  publicity,  however,  costs  money.  Increased 
public  affairs  expenditures  can  occur,  and  regulatory 
authorities  are  likely  to  pay  more  attention  to  facilities 
that  must  devote  additional  labor  resources  to  maintain 
compliance.  Some  of  the  costs  associated  with  a 
negative  community  image  can  be  estimated,  although 
the  degree  of  accuracy  will  vary  depending  on  the 
availability  of  the  collected  data  and  the  assumptions 
used  in  the  estimation. 

One  method  of  quantifying  these  costs  is  to  analyze  the 
resources  expended  on  public  relations  resulting  from 
fines  associated  with  disposal  and  non-compliance 
issues.  Costs  can  occur  as  labor  and  material 
expenditures  associated  with  publications  (press  releases, 
newspaper  articles,  television  interviews,  responding  to 
public  information  requests).  Costs  can  also  be 
quantified  by  evaluating  the  amount  of  time  an 
organization’s  personnel  spend  with  regulatory 
authorities  responding  to  information  requests  and 
conducting  facility  inspections.  In  addition,  a 
“noncomplianf  ’  organization  may  invest  more  time  in 
internal  compliance  activities  than  a  “compliant” 
organization,  resulting  in  additional  resource 
requirements.  Implementing  a  pollution  prevention 
technology  that  improves  the  community  image  can 
provide  less  tangible  benefits,  as  well  as  cost  avoidance. 

By  the  same  token,  positive  news  stories  about  the 
savings  and  benefits  of  new  investments  can  also  be 
quantified  and  considered  in  the  investment  analysis. 
Costs  could  include  associated  labor,  material  and 
production  costs  for  items,  such  as  newsletters  and  press 
releases,  and  associated  communication  and  distribution 
costs. 

The  added  benefits  of  the  improved  community  image 
associated  with  implementing  a  pollution  prevention 
project,  especially  if  the  project  is  focused  on  a  process 
that  is  perceived  by  the  public  to  be  an  environmental 
problem  should  be  explained  to  decision  makers. 


Improving  public  image 
can  be  an  added  benefit 
of  many  pollution 
prevention  investments. 


•  System  implements 
pro-environment 
technology 

•  Facility  can  publicize 
environmental  benefits 
of  investment 

•  System  serves  as  a 
case  study  for 
environmental 
engineering  students 
at  local  university 


Cost  avoidance  related 
to  financial  and  criminal 
liabilities  is  part  of  the 
ECAM  process. 
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5.3  Potential  Liability 

Implementing  pollution  prevention  technologies  can  also 
offer  significant  benefits  in  the  form  of  avoided  costs. 

Cost  avoidance  can  be  achieved  in  areas  such  as 
remediation,  employee  claims,  and  regulatory  fines.  For 
example,  investing  in  a  pollution  prevention  technology 
that  eliminates  a  >vaste  stream  can  reduce  future 
liabilities  associated  with  cleanup  (remediation)  of  a  site 
where  that  waste  stream  was  deposited.  In  addition, 
cost-estimating  tools  are  available  for  predicting  cost 
avoidance  related  to  penalties  and  fines;  however,  these 
tools  vary  in  accuracy.  Some  of  these  tools  are  described 
below. 


Unit  Cost  Estimates 

This  method  is  based  on  the  availability  of  reliable 
historical  data  on  comparable  sites.  The  total  reported 
cost  equals  the  amount  of  waste  multiplied  by  the  unit 
cost  to  dispose  of  the  waste  or  to  remediate  the  site.  For 
example: 

Soil  Contamination  Cost  =  Volume  of  Contaminated 
Soil  X  Cost  per  cubic  yard  to  excavate  and  dispose  of 
the  soil 

Ground  Water  Contamination  Cost  =  Volume  of 
Contaminated  Water  x  Unit  Volume  Treatment  Cost 
(+  Oversight  and  Monitoring  Costs) 

Air  Emissions  Costs  =  Number  of  Stacks  x  Cost  of 
emission  control  device  per  stack 

Probabilistic  Cost  Estimates 

This  method  relies  on  estimating  the  probability  of  a 
certain  event  or  outcome.  The  reported  total  cost  is 
equal  to  the  cost  associated  with  a  certain  outcome 
multiplied  by  the  probability  of  the  occurrence  of  that 
outcome.  For  example,  if  a  storage  tank  has  an  estimated 
probability  of  leaking  eqtial  to  10  percent: 


System  Advantages: 

•  Eliminates  hazardous 
waste  generation  to 
air,  land,  and  water 

•  Reduces/eliminates 
hazardous 
waste/hazardous 
material  storage  and 
accumulation  area 
maintenance 

»  Reduces  hazardous 
waste  transportation 

•  Eliminates  hazardous 
waste  landfill  disposal 
needs 

•  Assists  facility  with 
closing  a  NPDES 
discharge  violation  by 
reducing  wastewater 
discharges  to  within 
compliance  levels 
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Storage  Tank  Spill  Cost  =  10  Percent  of  Total  Costs  of 
Emergency  Response  and  Remediation. 

If  financial  estimation  methods  are  not  used,  these  issues 
should  be  explained  to  management  as  additional 
benefits  associated  with  project  implementation. 

5.4  Employee  Health  and  Safety  Considerations 

Employee  health  and  safety  considerations  must  also  be 
factored  into  the  investment  analysis.  Improving 
working  conditions  and  reducing  personal  protective 
equipment  costs  are  beneficial  to  the  decision-making 
process.  For  example,  improved  working  conditions 
result  in  reduced  worker  injury  claims  and  resulting 
health  care  payments;  increased  employee  productivity; 
and  minimized  regulatory  oversight  and  fines. 


System  Advantages: 

•  Reduces  potential  for 
worker  health  and 
safety  exposure 

.  Reduces  PPE 
requirements 

•  Reduces  medical 
surveillance  and 
examination 
requirements 


Certain  types  of  health  and  safety  costs  can  be  applied 
universally,  regardless  of  the  organization  or  technology. 
These  costs  can  be  evaluated  by: 

♦  Comparing  existing  worker  exposure  costs  of 
current  and  proposed  technologies 

.  Estimating  increases  in  employee  absenteeism  in 
terms  of  lost  resources 

•  Estimating  improvements  in  the  employee  turnover 
rate  and  training  of  new  staff 

.  Estimating  the  savings  from  reduced  personal 
protective  equipment  requirements. 

If  health  and  safety  costs  are  quantified,  these  costs  can 
also  be  captured  by  the  ECAM. 
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GLOSSARY 

Activity  is  a  unit  of  work  that  has  identifiable  starting  and  ending  points,  that  consumes 
resources  (inputs)  and  produces  outputs.  In  activity-based  costing,  an  activity  is  synonymous  with 
a  simple  process,  as  the  latter  term  is  used  in  quality  management  and  reengineering. 

Activity-Based  Costing  (ABC)  is  a  means  of  creating  a  system  that  ultimately  directs  an 
organization’s  costs  to  the  processes,  products  and  services  that  required  these  costs  to  be  incurred. 
Using  ABC,  costs  are  traced  to  processes,  products  and  services  by  identifying  causal  relationships 
between  activities  and  incurred  costs. 

Activity  Driver  is  a  factor  that  describes  the  cause-and-effect  relationship  between  the  activity 
and  the  cost  incurred  to  perform  the  activity. 

Cash  Flow  Principle  is  based  on  the  idea  that  because  money  has  a  time  value,  one  should 
record  cash  flows  when  the  money  is  actually  received  or  expensed. 

Conventional  Costs  include  costs  typically  recognized  in  capital  budgeting  exercises  such  as 
capital  equipment,  raw  materials,  supplies  and  equipment.  Referred  to  as  mual  costs  in  EPA’s 
Pollution  Prevention  Benefits  Manual. 

Contingent  Costs  refer  to  environmental  costs  that  are  not  certain  to  occur  in  the  future  but 
depend  on  uncertain  future  events  (e.g.,  costs  of  remediating  future  spills).  Sometimes  referred  to 
as  “environmental  liabilities,”  “liability  costs,”  or  “contingent  liabilities.  ’’ 

Direct  Costs  is  an  accounting  term  for  costs  that  are  clearly  and  exclusively  associated  with  a 
product  or  service  and  treated  as  such  in  cost  accoimting  systems. 

Discount  Rate  (r)  is  the  interest  rate  in  present  value  calculations.  The  discount  rate  represents 
the  rate  of  return  that  the  organization  could  earn  on  alternative  investments.  An  orgamzation  may 
have  a  miniTmim  required  rate  of  return  (or  hurdle  rate)  which  investments  must  exceed  (e.g.,  15 
percent).  Investments  which  do  not  generate  an  Internal  Rate  of  Return  (IRR)  of  15  percent  or  do 
not  generate  a  positive  Net  Present  Value  (NPV)  when  discounted  at  the  hurdle  rate,  do  not  provide 
the  organization’s  required  rate  of  return. 

Discounted  Cash  Flow  (DCF)  refers  to  a  family  of  techniques  for  analyzing  investment 
opportunities  that  take  into  account  the  time  value  of  money. 

Discounted  Payback  is  the  time  period  within  which  the  discounted  future  savings  of  a  project 
repay  the  Initial  Investment  Costs.  Discounted  Payback  does  not  account  for  cash  flows  that  occur 
after  the  payback  period. 

Environmental  Costs  refer  to  costs  incurred  by  an  organization  to  comply  with  environmental 
laws,  costs  for  environmental  protection,  costs  of  environmental  remediation,  or  other  such  costs. 
The  definition  of  environmental  costs  may  vary  across  different  organizations.  Environmental 
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costs  can  be  categorized  as  conventional  (associated  with  capital  equipment,  labor,  materials,  etc.), 
potentially  hidden  (upfront  and  back-end  costs,  regulatory  costs,  voluntary  costs),  contingent,  and 
less  tangible  (image  and  relationship  costs).  Environmental  costs  can  also  be  external  costs 
(societal  costs). 

Environmental  Liabilities  refers  to  different  types  of  environmental  costs  including  future 
costs  for  remediating  existing  contamination,  potential  costs  of  complying  with  new  regulations, 
future  environmental  costs  of  current  operations  (also  known  as  back-end  or  exit  costs),  and/or 
contingent  costs. 

Flow  Diagram  is  a  visual  representation  of  the  overall  process,  using  information  gathered  on¬ 
site. 

Future  (Or  Prospective)  Costs  refer  to  environmental  costs  that  are  certain  to  be  incurred  at  a 
later  date,  which  may  or  may  not  be  known.  Sometimes  referred  to  as  “environmental  liabilities.” 

Hidden  Costs  refer  to  the  results  of  assigning  environmental  costs  to  overhead  pools  or 
overlooking and  contingent  costs. 

Internal  Cost  is  a  synonym  for  private  costs. 

Internal  Rate  of  Return  (IRR)  is  the  discoimt  rate  at  which  the  investment’s  NPV  equals 
zero.  The  corresponding  acceptance  criterion  against  which  to  compare  the  IRR  is  the  opportunity 
cost  of  capital  to  the  organization.  If  the  investment’s  IRR  exceeds  the  opportunity  cost  of  capital, 
the  investment  is  attractive,  and  vice  versa. 

Less  Tangible  Costs  refers  to  expenses  incurred  for  corporate  image  purposes  or  for 
maintaining  or  enhancing  relationships  with  regulators,  customers,  suppliers,  host  communities, 
investors/lenders,  and  the  general  public. 

Life  Cycle  Costing  is  a  costing  concept  that  includes  all  the  costs  incurred  for  a  product,  from 
its  inception  to  abandonment,  as  part  of  its  product  cost.  This  could  include  cost  of  extraction, 
intermediate  manufacturing,  manufacturing,  transportation,  product  recycling  in  take-back, 
disassembling,  reverse  distribution,  restocking  used  material,  disposing  of  waste,  etc. 

Materials  Balance  refers  to  an  organized  system  of  accounting  for  the  flow,  generation, 
consumption,  and  accxunulation  of  materials  in  a  facility  or  process  in  order  to  identify  and 
characterize  waste  streams.  Some  view  a  materials  balance  as  a  more  rigorous  form  of  materials 
accounting.  The  Labor,  Materials  &  Energy  Balance  used  in  The  ECAM  accoimts  not  only  for 
materials,  but  for  all  resources,  which  includes  labor,  materials,  and  utilities. 

Net  Present  Value  (NPV)  is  the  project’s  present  value  of  all  future  cash  flows,  less  the  initial 
cost.  Projects  with  a  positive  net  present  value  have  cash  flows  in  excess  of  the  initial  investment 
(i.e.,  the  difference  between  the  cash  inflows  and  cash  outflows  is  greater  than  zero). 
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NPV  =  Present  value  of  cash  inflows  —  Present  value  of  cash  outflows 

Net  Present  Value  Savings  is  the  additional  NPV  savings  identified  using  The  ECAM  which 
exceeds  the  traditional  economic  analysis  approaches.  NPV  savings  represent  the  incremental 
change  in  identified  savings  [expressed  in  Present  Value  (PV)  dollars]  over  traditional  approaches. 

Nominal  Interest  Rate  is  the  interest  rate  observed  in  the  market,  composed  of  two  elements: 
the  real  interest  rate  and  the  expected  inflation  rate. 

Opportunity  Cost  is  the  return  one  could  earn  on  the  next  best  investment  alternative.  Because 
there  are  always  productive  opportumties  for  investment  dollars,  all  investments  involve 
opportunity  costs. 

Outputs  are  products  and  services  (including  work-in-progress)  that  flow  out  of  an  activity  or 
process,  and  information  about  them. 

Overhead  is  often  used  synonymously  with  indirect  or  hidden  costs  as  comprising  all  costs  that 
are  not  accounted  for  as  the  direct  costs  of  a  particular  process,  system,  product,  or  facility.  The 
underlying  distinction  is  between  (1)  costs  that  are  either  pooled  and  allocated  on  the  basis  of  some 
formula,  or  not  allocated  at  all,  and  (2)  costs  that  an  accounting  system  treats  as  belonging 
(directly)  to  a  process,  system,  product,  or  facility  (i.e.,  a  cost  center,  in  accounting  terminology). 

Payback  Period  (P/B)  is  the  length  of  time  required  to  recoup  the  initial  investment.  Simple 
Payback  periods  do  not  consider  the  time  value  of  money. 

P/B  =  Initial  Capital  Investment/Annual  Cash  Inflow 

Present  Value  (PV)  is  the  value  of  fiiture  cash  flows  in  today’s  dollars  (i.e.,  current  or  present 
dollars).  Savings  (income)  earned  in  future  years  is  less  valuable  than  dollars  today,  therefore 
future  dollars  are  discounted  by  an  interest  rate  representing  the  opportunity  cost  of  recognizing 
future  savings  (income).  The  discount  rate  or  interest  rate  is  the  required  rate  of  return  (i.e.,  hurdle 
rate,  cost  of  capital,  or  financing/borrowing  rate). 

Private  Costs  are  costs  that  a  business  incurs  or  can  be  held  responsible  for.  These  are  the  costs 
that  directly  affect  a  firm’s  bottom  line.  Private  costs  are  sometimes  termed  internal  costs. 

Process  is  a  set  of  logically  related  activities  performed  to  achieve  a  defined  business  outcome, 
such  as  to  produce  a  product  or  service. 

Process  Boundaries  define  the  scope  of  the  analysis. 

Real  Interest  Rate  is  the  interest  rate  that  would  occur  with  no  inflation.  The  real  interest  rate 
is  composed  of  a  risk-free  interest  rate  plus  a  risk  premium. 
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Resources  include  money,  labor,  material,  supplies,  and  other  economic  elements  consumed  by 
activities  to  produce  outputs. 

Resource  Driver  1)  A  factor  used  to  assign  cost  to  activities.  2)  A  measure  of  the  quantity  of 
resources  consumed  by  an  activity.  An  example  of  a  resource  driver  is  the  percentage  of  total 
square  feet  of  space  occupied  by  an  activity.  This  factor  is  used  to  allocate  a  portion  of  the  cost  of 
operating  the  facilities  to  the  activity. 

Societal  Costs  are  the  costs  of  a  company’s  impacts  on  the  environment  and  society  for  which 
the  business  is  not  financially  responsible.  These  costs  do  not  directly  affect  a  firm’s  bottom  line. 
Societal  costs  may  also  be  referred  to  as  external  costs  or  externalities.  These  costs  may  be 
expressed,  qualitatively,  in  physical  terms  (e.g.,  tons  of  releases,  exposed  receptors),  or  in  dollars 
and  cents.  Societal  costs  (or  externalities)  are  sometimes  subdivided  according  to  whether  the 
impacts  are  environmental,  referred  to  as  environmental  costs  or  enviromnental  externalities,  or 
social,  referred  to  as  social  costs  or  social  externalities. 

WiTH-WiTHOUT  Principle  According  to  this  principle,  two  situations  should  be  compared  when 
making  an  investment  decision:  one  in  which  the  investment  is  made  and  one  in  which  the 
investment  is  rejected.  All  cash  flows  that  are  different  in  these  two  settings  are  relevant  to  the 
decision,  and  all  those  that  are  the  same  are  irrelevant. 
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Identify  and  define  the  process.  Section  1.1,  Appendix  B-1  Identify  the  current  and  proposed  processes  to  be  evaluated,  and  define  their 
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APPENDIX  B-1  DATA  COLLECTION  FORMS 
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General  Facility  Questions 
1.  Points  OF  Contact 

Please  provide  two  points  of  contact  for  each  of  the  following  organizational  areas.  For  each 
point  of  contact,  indicate  their  name,  organizational  unit,  phone  number,  and  electronic  mail 
address  so  that  we  may  contact  them  to  request  additional  information  and  schedule  on-site 
interviews. 


Overall  Facility/Organizational  Management 


Name/Organizational  Unit 

Phone  Number 

E-mail 

Accounting  Department 


Name/Organizational  Unit 

Phone  Number 

E-mail 

Engineering  Operations 


Name/Organizational  Unit 

Phone  Number 

E-mail 

Environmental  Department 


Name/Organizational  Unit 

Phone  Number 

E-mail 

Other  Relevant  Points  of  Contact 


Name/Organizational  Unit 

Phone  Number 

E-mail 
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2.  Organizational  Information 

In  order  for  us  to  gain  a  better  understanding  of  your  organization  and  its  structure,  please 
provide  us  with  the  following  documents. 

Organizational  Overview  -  Documents  that  provide  a  summary  of  facility  operations. 
For  example,  the  facility’s  mission  statement,  strategic  plan,  and/or  marketing  brochure. 

Organization  Chart  -  A  high-level  organization  chart  for  the  entire  facility. 

3.  Employee  Information 

To  assist  in  understanding  the  scope  of  your  operations,  please  provide  information  on  the  total 
number  of  people  working  at  the  facility  and,  if  available,  a  break  out  of  the  number  of  people  by 
organizational  unit. 

4.  Facility  Layouts 

Please  provide  us  with  an  existing  high  level  layout  of  the  facility,  including,  if  possible,  square 
footage  information.  In  particular,  please  provide  any  existing  floor  plans  for  the  building  where 
the  (state  type  of)  operations  are  performed. 
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Process  In  form  a  tion 

1.  Process  Flow 

If  available,  please  provide  us  with  any  existing  process  flow  charts  describing  both  the  previous 
(state  type)  operations  and  the  new  (state  type)  operations  with  the  technology  (state  technology 
name)  installed.  Example  process  flow  charts  are  provided  to  indicate  the  type  of  materials  and 
energy  balance  information  desired.  In  addition,  please  provide  any  prior  reports,  studies  or 
evaluations  relating  to  the  process. 

2.  Environmental,  Health  and  Safety  Information 

Please  provide  any  existing  documents  describing  the  environmental,  health  and  safety  activities 
performed  in  relation  to  the  plating  acid  bath  process.  This  should  include  procedures  for 
handling,  storing,  and  disposing  of  hazardous  substances. 

3.  Job  Descriptions 

Please  provide  job  descriptions  for  the  persoimel  involved  in  the  (state  type)  operations. 
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A  CCOUNTING  iNFORMA  TION 

1.  Accounting  System 

Please  provide  information  about  your  current  accounting  system(s).  Describe  the  systems  in 
terms  of  the  Funds  under  which  you  operate  (e.g.,  DWCF,  General  Fund,  Trust  Fund,  etc.),  as 
well  as  the  accounting  system  (e.g.,  NIFMS,  SIFS,  or  STARS).  (Please  indicate  the  system  s 
query  capabilities  and  whether  the  results  are  available  in  electronic  format.) 

2.  Budget  Forecasting 

Please  provide  budget  forecast  information  for  the  current  fiscal  year  and  at  least  one  outyear. 

3.  General  Financial  Information 

To  help  us  identify  the  full  cost  of  operations,  please  provide  us,  if  available,  with  the 
following  information: 

a)  A  list  of  your  sources  and  obligations  of  funds  for  the  current  fiscal  year. 

b)  A  printout  of  your  General  Ledger  expense  accounts.  If  your  system  does  not 
correspond  with  the  DOD  Standard  General  Ledger  please  provide  account 
descriptions. 

c)  Departmental  reporting  information  indicating  expenses  by  orgam2:ational  unit 
(Managerial  Accounting  Data). 

4.  Capital  Equipment  Information 

Please  provide  information  on  the  cost  of  major  equipment  required  for  the  (state  technology 
name). 

a.  For  equipment  that  has  been  capitalized,  provide  detail  of  the  associated 
depreciation  expense  calculation. 

b.  For  major  equipment  that  was  expensed,  provide  the  following: 


Date  of  Acquisition 
Purchase  Price 
Useful  Life 
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APPENDIX  B-2 

BLANK  PROCESS  FLOW  DIAGRAM 
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APPENDIX  B-3 

BLANK  INPUT/OUTPUT  DIAGRAM 
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Generic  Input/Output  Diagram/Data 


•  Labor 

1  1 

Utilities  ! 

!  Number  of  Operatorfs): 

I  I  Electricity: 

kWh/hr  I 

1  Hours/dav: 

2  ;  !  Water: _ 

qal/dav  | 

[  Davs/vear 

'  J  Gas: 

MCF/dav  1 

Process  Step  #: _ 

Equipment  Name  |  Capacity 


Finished  Parts/Components 
Description  |  Amt/day  |  Amt/year 


Non-hazardous  Material  Outputs 
Description  |  Amt/day  |  Amt/year 

Air  Emissions: 

Hazardous  Material  Outputs 
Description  |  Amt/day  |  Amt/yeat 

Air  Emissions: 

Water  and  Liquids: 

Water  and  Liquids: 

Solids: 

Solids: 
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APPENDIX  B-4 

ENVIRONMENTAL  ACTIVITIES  CHECKLIST 
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Environmental  Activities  Checklist 

The  table  below  presents  a  broad  list  of  environmental  activities  that  are  generally  performed  in 
an  operating  facility.  For  each  broad  activity,  specific  activities  are  also  suggested  as  an 
example.  Additions  to  the  list  can  be  provided  as  needed.  Although  each  facility  is  different,  the 
Broad  Activity  Categories  can  be  ranked  as  follows,  with  1  representing  the  highest  potential 
opportunities  for  savings. 

1 .  Support  Facility  Operations 

2.  Operate/Maintain  Equipment  and  Facilities 

3.  Other  (Subcontracts,  Special  Projects,  etc.) 

4.  Provide  and  Administer  Training 

5.  Obtain  and  Maintain  Permits 

6.  Develop  and  Maintain  Documentation 

List  of  Environmental  Activities 


Broad  activity  Category 

SPECinC  ACnVITY 

Support  Facility  Operations 

Test  equipment  for  proper  use 

Conduct  emergency  drills 

Perform  internal  audits  (compliance,  etc.) 

Comply  with  external  audit  requirements 

Oversee  environmental  audits  by  external  agency  || 

Treat  on-site  waste 

Transport  of  on-site  and  ofF-site  waste 

Dispose  of  hazardous  waste/material 

Maintain  accumulation  point/hazardous  material  storage 

Oversee  hazardous  waste  accumulation  point  management 

Maintain  insurance  for  hazardous  waste  contractors 

Label  hazardous  waste  containers 

Complete  hazardous  waste  manifest  requirements 

Handle  hazardous  materials 
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Broad  AcxmTY  Category 

SPECmC  ACTIVITY 

Operate/Maintain  Equipment  and 
Facilities 

Purchase  and  maintain  personal  protection  equipment 

Purchase  and  maintain  facility  equipment 

Other  (Subcontracts,  Special  Projects, 
etc.) 

Order,  receive  and  distribute  EHS  supplies 

Operate  solid  waste  equipment/facilities 

Operate  liquid  waste/wastewater  equipment/facilities 

Operate  air  emission  treatment  equipment 

Purchase  and  store  drums  and  labels 

Purchase  and  store  handling  and  shipping  materials 

Perform  sampling  and  analysis 

Provide  medical  exams 

Dispose  of  waste  off-site 

Provide  insurance  on  equipment 

Evaluate  environmental  projects  (pollution  prevention,  remediation, 
etc.) 

Develop  and  implement  environmental  management  systems 
(ISO  14000,  etc.) 

Provide  waste  disposal  contractor  insurance 

Provide  and  Administer  Training 

Provide  safety  (rights,  awareness,  hazard  prevention,  protection) 
training 

Provide  training  for  on-site  emergency  medical  staff 

Provide  environmental  training 

Provide  hazardous  material  training  to  managers 

Obtain  and  Maintain  Permits 

i  Obtain  and  maintain  Clean  Air  Act  permits 

Obtain  and  maintain  Clean  Water  Act  permits 

Obtain  and  maintain  Resource  Conservation  and  Recovery  Act 
permits 

Obtain  and  Maintain  SARA  (hazardous  material  generator)  permits 
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The  following  questions  help  in  obtaining  additional  relevant  information  on  the 
environmental  activities  performed  at  the  facility. 

Support  Fa  cility  Opera  tions 

Do  you  have  internal  audit  teams? 

How  many  employees  are  involved? 

From  which  departments? 

Do  you  spend  time  developing  audit  checklists  and  documentation? 

Do  you  produce  reports? 

How  many  internal  audits  do  you  conduct  per  year? 

How  much  time  is  needed  to  complete  an  audit? 

Do  you  conduct  emergency  drills? 

Is  it  part  of  the  audit? 

Do  you  treat  waste  on-site? 

What  is  your  waste  production  by  waste  stream? 

What  processes  produce  a  significant  amount  of  waste? 

How  much  space  is  occupied  by  temporary  waste  storage  areas? 

Is  waste  disposed  of  on-site? 

Are  contractors  involved? 

What  is  the  contract  cost? 

Do  you  incur  transportation  costs  for  off-site  disposal? 

How  many  employees  participate  in  waste  treatment  and  disposal  operations? 

How  much  space  is  occupied  by  hazardous  material  storage  areas? 

How  long  are  hazardous  materials  stored  for? 

Do  you  dispose  of  unused  hazardous  material? 

How  many  employees  are  dedicated  to  on-site  hazardous  material  handling,  transportation,  and 
storage? 

Opera  te/Maintain  Equipment  and  Facilities 

What  type  and  quantity  of  personal  protection  equipment  do  you  purchase  and  maintain 
(goggles,  gloves,  respirators,  etc.)?  What  is  the  cost? 

What  type  and  quantity  of  facility  safety  equipment  do  you  purchase  and  maintain  (fire 
extinguishers,  ventilation,  etc.)?  What  is  the  cost? 

How  many  employees  are  involved  in  operation  and  maintenance  of  environmental  equipment 
and  facilities? 

What  is  the  cost  of  purchasing  and  storing  hazardous  material  drums,  labels,  handling  and 
shipping  material? 
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Other  (Subcontracts,  Special  Projects,  etc,) 

What  activities  listed  in  the  previous  table  are  applicable  to  your  facility? 
How  many  employees  are  involved? 

Which  activities  are  provided  by  contractors? 

What  are  the  insurance  costs? 

Do  you  perform  any  other  activities  not  listed  in  the  table? 


Provide  AND  Administer  Training 
What  type  of  specific  training  do  you  provide? 

Is  training  provided  through  in-house  resources  or  do  you  have  contractor-provided  training 
courses? 

How  many  employees  have  instruction  duties? 

What  is  the  cost  of  providing  external  training? 

How  man>’  employees  have  attended  training  during  the  last  fiscal  year? 

Do  you  have  a  breakdown  by  department/organizational  unit? 

Is  there  a  required  amotmt  of  training  hours  per  employee? 

Did  you  incur  any  significant  cost  for  training  materials? 

Are  personnel  involved  in  developing  training  material? 

Obtain  AND  Maintain  Permits 

How  many  permits  do  you  maintain  in  the  different  areas? 

How  many  employees  are  involved? 

What  are  the  fees  associated  with  each  permit? 

Develop  and  Maintain  Documenta  tion 

How  many  employees  are  assigned  to  the  different  specific  activities? 

How  many  days  are  spent  in  preparing  reports? 

What  are  the  efforts  that  generate  the  most  significant  workload  (TRI  reports,  programs  and 
procedures,  etc.)? 
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CHECKLIST  OF  QUALITATIVE  ENVIRONMENTAL  FACTORS 
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Qualitative  Environmental  Factors 


Category  and  Activity  List 


Current  Proposed 


Product  Quality: 


•  System  meets  product  quality  specifications 


•  System  enhances  product  quality 


Liability: 


.  System  eliminates  hazardous  waste  generation  to  air,  land, 
and  water 


•  System  reduces/eliminates  hazardous  waste/hazardous 
material  storage/accumulation  area  maintenance 


•  System  reduces  hazardous  waste  transportation,  discharge 


Community  Image: 


•  System  implements  pro-environment  technology 


•  Facility  can  publicize  environmental  benefits  of  investment 


Worker  Health  and  Safety: 


•  System  reduces  potential  for  worker  health  and  safety 


•  System  reduces  PPE  requirements 


Environmental  Cost  Analysis  Methodology  (ECAM)  Handbook 


APPENDIX  C  P2/FINANCE  OVERVIEW  AND  APPLICATION 
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P2/FINANCE  Overview 

P2/FINANCE  is  a  proprietary  software  tool  that  is  provided  to  the  U.S.  EPA  as  a  service  to 
government  organizations  to  facilitate  the  financial  analysis  of  pollution  prevention  projects. 

The  system  has  been  developed  and  copyrighted  by  Tellus  Institute  in  Boston,  Massachusetts. 
on-line  help  system  is  available  in  P2/FINANCE,  and  detailed  guidance  is  available  in  the  User  s 
Guide.  This  appendix  discusses  some  of  the  basic  data  entry  parameters  within  the  tool,  and 
presents  examples  of  completed  investment  projects. 

The  P2/FINANCE  software  simplifies  the  task  of  organizing  and  analyzing  cost  data,  calculating 
annual  cash  flows,  and  generating  figures  of  merit  for  pollution  prevention  investments. 
P2/FINANCE  comparisons  measure  the  operating  costs  of  the  current  process  against  diose  of  an 
alternative  process  and  include  capital  costs  (e.g.,  equipment,  materials,  utility  connections,  site 
preparation)  and  operating  costs.  P2/FINANCE  treats  the  current  equipment  as  a  sunk  cost  with 
a  zero  dollar  value,  with  an  assumed  zero-dollar  salvage  value. 

P2/FINANCE  allows  development  of  up  to  two  alternative  financial  analyses.  With  user  inputs, 
the  tools  can  also  create  a  baseline  scenario,  which  contains  data  on  business-as-usual 
operations.  The  financial  analyses  for  each  alternative  are  compared  to  the  baseline  to  calculate 
incremental  cash  flows  and  profitability  analyses  over  various  project  lifetimes. 

To  use  P2/FINANCE,  one  must  obtain  data  on  the  specific  scenarios.  As  stated  in  the  ECAM 
Handbook  Section  4,  one  must  also  include  the  discoimt  rate  to  account  for  the  opportunity  cost 
of  using  the  money  for  the  investment.  The  discount  rate  is  identified  in  0MB  Circular  No.  A- 
94.  To  maintain  consistency  with  ECAM  and  DOD  principles,  P2/FINANCE  data  entries  for 
inflation  rate,  tax,  and  depreciation  should  be  equal  to  zero. 

P2/FINANCE  allows  one  to  specify  a  default  investment  year  for  each  scenario,  from  which 
Annual  Operating  Costs  are  calculated.  The  tool  also  requires  designation  of  the  project  lifetime 
for  each  scenario  to  define  the  end  year  for  the  Annual  Operating  Costs,  and  an  initial  investment 
cost. 

P2/FINANCE  also  calculates  a  scenario  summary  which  depicts  the  scenario  as  it  was  defined  by 
the  user  without  performing  any  of  the  calculations  or  inflating  any  of  the  values,  lists  the 
parameters  of  the  cost  categories  and  the  default  parameters  for  each  scenario. 

Annual  operating  costs  and  incremental  profitability  analysis  are  also  calculated.  On  the  annual 
operating  costs  sheet  for  the  scenario  one  should  enter  the  annual  operating  costs,  including,  for 
each  cost  category,  the  name  of  the  category,  escalation,  start  year,  and  end  year. 

The  following  pages  present  a  sample  from  a  completed  P2/FINANCE  package  used  to  complete 
an  ECAM  application.  A  brief  discussion  on  conducting  a  sensitivity  analysis  on  investment 
options  is  also  provided  below. 
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Sensitivity  Anal  ysis 

A  sensitivity  analysis  can  be  conducted  to  evaluate  the  impact  on  economic  indicators  when 
assumptions  regarding  the  investments  are  changed,  such  as  estimated  reductions  of  the 
hazardous  waste  stream.  Sensitivity  analysis  involves  systematically  changing  one  of  the 
assumptions  on  which  the  investment  analysis  is  based. 

In  the  example  illustrated  below,  in  the  most  optimistic  scenario  {High  scenario)  the  waste  acid 
stream  is  eliminated  entirely  (100  percent).  The  following  table  summarizes  the  P2/FINANCE 
results  from  an  ECAM  application  using  scenarios  where  a  75  percent  reduction  occurs  in  the 
waste  stream  (most  likely,  or  Medium,  Scenario),  and  a  50  percent  reduction  (most  pessimistic, 
or  Low,  scenario).  The  corresponding  impacts  on  financial  indicators  are  provided  in  the  table. 

Sensitivity  Analysis:  Change  in  Waste  Stream  Reduction 


Indicator 

Hazardous  Waste  Volume  Reduction 

High 

Medium 

Low 

NPV 

$137,958 

$93,877 

$59,964 

Payback  Period 

0.8  yrs 

1.2  yrs 

1.7  yrs 

IRR 

119% 

85% 

58% 

In  each  of  the  three  scenarios,  the  financial  indicators  still  support  the  decision  to  implement  the 
proposed  project.  Comparing  the  High  to  Low  scenarios,  though,  the  investment  becomes  less 
attractive  because  of  costs  associated  with  the  handling  and  management  of  an  increased  volume 
of  hazardous  waste. 

P2/FINANCE  can  also  calculate  financial  indicators  using  scenarios  where  cash  flows  generated 
by  process  productivity  improvements  are  generated.  In  the  example  below,  the  sensitivity 
aneilysis  is  applied  to  the  inventory  carrying  cost  savings  estimated  as  a  consequence  of  a 
reduction  in  process  cycle  time  (according  to  the  example  provided  in  ECAM  Handbook  Section 
3.2).  In  this  example,  three  scenarios  were  evaluated  using  variations  in  annual  savings 
associated  with  inventory  carrying  costs.  The  table  below  highlights  the  wide  variance  that  is 
realized  in  financial  results  with  the  carrying  cost  scenarios,  indicating  that  this  assumption  is 
critical  in  evaluating  the  viability  of  the  investment. 
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Sensitivity  Analysis:  Inventory  Carrying  Costs 


Scenario 

#1  (High) 

Initial 

#2  (Low) 

Assumed  Inventory  Carrying 
Cost  Savings 

$l,500,000/yr 

$l,090,763/yr 

$500,000/yr 

Indicator: 

HIHI 

NPV 

$14,541,896 

$9,828,430 

$3,024,485 

Payback  Period 

0.16  yrs 

0.2  yrs 

0.8  yrs 

IRR 

655  % 

444% 

139  % 

The  examples  show  that  conducting  a  sensitivity  analysis  is  useful  for  two  important  reasons: 

.  Provides  information  about  the  range  of  possible  outcomes  for  the  proposed  investment 

•  Enables  managers  to  determine  which  assumptions  most  strongly  affect  the  forecast  and 
which  are  secondary. 
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P2/FINANCE 

Version  3.0 

9/1/97 

PROJECT  TITLE: 

PREPARED  BY: 

ORGANIZATION: 

COMMENTS: 


Title-pg1 


Facility  Example  Diffusion  Dialysis  System 


Assumptbns: 

1 .  Discount  Rate  =  3.5% 

2.  Diffusion  Dialysis  Study  Period  =  15  years 

3.  Acid  Waste  Stream  Reduced  by  100% 

4.  Equipment  Purchase  Cost  =  $15,000 

5.  Equipment  Installation/Implementation  Cost  =  $0 


P2/FINANCE 

Pollution  Prevention  Financial  Analysis 
and  Cost  Evaluation  System 

Version  3.0 
Copyright  1996 
Tellus  Institute 
Boston,  MA 


9/1/97 


DEFAULT  PARAMETERS 


Analysis  Name:  Facility  Example  Diffusion  Dialysis  System 


Global  Parameters 

P2/F1NANCE  uses  the  Inflation  Rate.  Discount  Rate,  and  Income  Tax 
Rate  entered  here  for  calculations  on  the  Tax  Deduction  Schedule. 
Incremental  Cash  Flow  Analysis,  and  Incremental  Profitability  Analysis 


Inflation  reflects  the  overall  rate  at  which  you  expect  prices  to  increase. 
For  cases  in  which  this  Inflation  Rate  does  not  fully  capture  expected 
price  changes.  P2/FiNANCE  allows  you  to  define  an  additional 
Escalation  Rate  for  each  Annual  Operating  Cost  category. 


Inflation  Rate  [  0.0% I 

The  Discount  Rate  accounts  for  the  fact  that  there  is  an  opportunity 
cost  to  using  money  -  if  you  choose  to  invest  in  one  project,  you  lose 
the  opportunity  to  gain  a  return  on  another  investment.  Many 
companies  use  their  weighted  average  cost  of  capital  as  a  Discount 
Rate.  For  more  information  on  Discount  Rate  and  its  relationship  to 
Inflation,  see  the  on-line  help. 


Discount  Bate 


Slate  and  local  income  taxes  are  deductible  from  the  taxable  income 
used  to  calculate  federal  taxes.  Enter  your  Local.  State,  and  Federal 
Income  Tax  Rates  below,  and  P2/FINANCE  will  calculate  an  Aggregate 
income  Tax  Rate. 


Default-pgl 


The  Default  Parameteri  entered  by  the  user  In  this  section  can  be 
applied  to  the  entire  project  file  by  pressing  the  button  below.  22  not 
oreea  this  button  unteaa  you  are  sure  that  you  want  these  values  to 
apply  to  the  entire  orolect  fllel 


Scenario  Parameters 

P2/F! NANCE  allows  you  to  create  two  alternative  financial  analysis 
scenarios,  which  represent  different  investment  options  you  are 
considering.  You  can  also  create  a  baseline  scenario,  which  contains 
data  on  your  current  "busIness-as-usuaP  operations.  On  the 
Incremental  Cash  Flow  Analysis  and  the  Incremental  Profitability 
Analysis  sheets,  the  Alternative  Scenarios  are  compared  to  the  Base 
Scenario.  I.e.,  P2/FINANCE  calculates  incremental  cash  flows  and 
profitability. 


The  Investment  Year  and  Lifetime  entered  here  are  used  as  defaults 
for  both  Initial  Investment  Costs  and  Annual  Operating  Costs. 
P2/FINANCE  assumes  that  investments  occur  AT  THE  END  OF  THE 
INVESTMENT  YEAR,  so  the  default  Start  Year  for  Annual  Operating 
Costs  is  Investment  Year  1 .  The  most  common  Investment  Year 
will  be  Year  0.  i.e.,  most  Initial  Investment  Costs  are  incurred  at  the 
very  beginning  of  the  project  lifetime. 


Local  Income  Tax  Rate 
State  Income  Tax  Rate 
Federal  Income  Tax  Rate 


Aggregate  Income  Tax  Rate 


The  Default  Parameters  entered  by  the  user  in  this  section  can  be 
applied  to  the  entire  project  file  by  pressing  the  button  below.  Dg 
not  press  this  button  unless  you  are  sure  that  you  want  these  values 
to  apply  to  the  entire  protect  fllel 


P2/FI  NANCE  uses  the  Depreciation  Method  and  Period  entered  here 
as  defaults  for  all  Initial  Investment  Costs.  You  can  change  the 
Depredation  Method  and  Period  for  individual  categories  on  the  initial 
Investment  Costs  sheet. 

Depreciation  Method  wc _ 

Depreciation  Period  o!o 


To  specify  Depreciation  Method,  use  these  abbreviations: 


Straight  Line 

150%  Dedining  Balance  switching  to  Straight  Line 
200%  Declining  Balance  switching  to  Straight  Line 
Expensed  (tax  deductible  in  the  first  year) 

Working  Capital  (not  tax  deductible) 


Base  Scenario 

Name 


Disoose  of  Aad  Bath  as  a  Hazardous  Waste 


INITIAL  INVESTMENT  COSTS  •  Alternative  Scenario  1 

Alternative  Scenario  1 :  Recycle  Acid  Bath  using  Diffusion  Dialysis  Sys9/1/97 


Initial  Investment  Costs  $  Amount _ initial  Investment  Costs _ 


Inv-Alt1-DQ1 


$  Amount 


Purchased  Equipment  (Purchase,  Tax,  Delivery) 


Dep.  Method _ wc  Investment  Year 

Dep.  Period _ 0^  Lifetime 


Process  Equipment  (DD  System,  Installed 


Storaqe  and  Materials  Handling  Equipment _ 


Safetv/Protectlve  Equipment  _ 


Monitorinq/Control  Equipment  _ 


Latwratory/Analytical  Equipment _ _ _ 


Spare  Parts 


Dep.  Method 
Dep.  Period 


I  Utility  Connections/Systems 


Dep.  Method _ ^ 

Dep.  Period!  0.0 


Elect  rid 


Steam 


Investment  Year[ 
Lifetime! 


$15,000 


Refriqeration 


Sewerage 


General  Plumbin 


Salvage  Value; 


TOTAL 


Isite  Preparation  (Labor,  Materials) 


Dep.  Method  I  Investment  Year[_ 

Dep.  Period 


Permittin 


Dep.  Method 
Dep.  Period 


Vendor/Contractor  Fees 


Salvage  Value  | _ |  TOTAL 

Istart-up/Trainlng  (Labor,  Materials) _ 


_ w  Investment  Year 

0.0  Lifetime 


In-house 


Trials/Manufacturinq  Variances 


Process/Equipment  Trainin 


Safetv/Environmental  Trainin 


Vendor/Contractor  Fees 


Salvage  Value] _ |  TOTAL 

iBulldinqs  &  Land 


Dep.  Method  I  wc 

Dep.  Period 


INITIAL  INVESTMENT  COSTS  -  Base  Scenario 


Base  Scanario:  Dispose  of  Acid  Bath  as  a  Hazardous  Waste  9/1/97 

Initial  Investment  Costs _ $  Amount  Initial  Investment  Costs 


Purchased  Equipment  (Purchase,  Tax,  Delivery) 


Dep.  Method _ ^  Investment  Year! 

Dep.  Period  0.0  _ Lifetime 


Process  Equipment  _ 


Storage  and  Materials  Handling  Equipment _ 


Safetv/Protective  Equipment _ 


Monitorinq/Control  Equipment  _ 


Laboratory/AnalytJcal  Equipment 


Spare  Parts 


[utility  Connections/Systems 


Dep.  Method 
Dep.  Period 


Elect  rici 


Steam  _ 


Water 


Fuel 


Plant  Air 


inert  Gas 


Refriqeratlon 


Sewerage  _ 


General  Piumbin 


Inv-Base^pgl 


$  Amount 


investment  Year 
Lifetime 


Dep.  Method! 
Dep.  Period 


In-house  Plannin 


In-house  Enqineerin 


Procurement 


Vendor/Contractor  Fees 


Salvage  Value 


Dep.  Method 
Dep.  Period 


In-house  _ 


Demolition  &  Clearin 


Old  Equipment/Rubbish  Disposal 


G  radinq/Landscapin 


Equipment  Rental 


Vendor/Contractor  Fees 


Salvage  Value 


Dep.  Method 
Dep.  Period! _ 


In-house  _ 


Equipment  Rental 


Vendor/Contractor  Fees 


Investment  Year 
Lifetime  I 


Dep.  Method! _ wc 

Dep.  Period _ 0.0 


In-house 


Trials/Manufacturinq  Variances 


Process/Equipment  Trainin 


Safetv/Environmental  Trainin 


Vendor/Contractor  Fees 


Salvage  Value 


Investment  Year 
Lifetime  I 


Permlttln 


Dep.  Method _ 

Dep.  Period _ 


In-house 


Permit  Fees 


Vendor/Contractor  Fees 


Dep.  Method! 
Dep.  Period! 


Investment  Year 
Lifetime 


Dep.  Method  1 
Dep.  Period 


Investment  Year 
Lifetime  I 


Dep.  Method! 
Dep.  Period! 


Investment  Year 
Lifetime! 


Salvage  Value 


Salvage  Value 


ANNUAL  OPERATING  COSTS  -  Alternative  Scenario  1 


Alternative  Scenario  1 ;  Recycle  Acid  Bath  using  Diffusion 


Annual  Operating  Costs  _ 


Direct  Materials  (Purchase,  Delivery.  Storage 


Escalation  Rate  I  0.0%  I  Start  Year 

End  Year 


Raw  Materials:  HCl  (M&E  Item 


Solvents  _ 


Catalysts  _  _ 


Other  (Deionized  Water  -  M&E  Item 


Dialysis  Systg9/1/97 


$  Amount _ Annual  Operating  Costs 


1 


$3,074 


Utilities 


Escalation  Rate! 


Start  Year 
End  Year 


Electricity  for  DD  system  (M&E  Item 


Steam 


Water  _ 


Fuel 


Plant  Air  _ 


Inert  Gas 


Refriqeration  _ 


Liqhtinq,  Heating.  Air  Coditioning  (M&E  Item 


Other  Industrial  Wastewater  Treatment  (M&E  Item 


Op-Alt1-pq1 


$  Amount 


$500 


$13,672 


$14,237 


Direct  Labor  (Wage/Salary.  Benefits) _ 


Escalation  Rate  I  0.0%  |  Start  YearL 

_  End  Year! 


Ooeratinq:  Acid  Dip  Function  (M&E  Item 


Supervision  _ 


Manufacturing  Clerical  _ _ 


Maintenance  _  _ 


Other:  HW  Drums  (M&E  Item 


TOTAL! 


I  Regulatory  Compliance  (Labor,  Materials)  #1 


Escalation  Rate  I  0.0% I  Start  Year 

End  Year 


Permitting  (Item  13 


Traininq/lnstructing  (Items  3&4 


Monitorinq/lnspections/Audits  (Item  1 


Testinq/Sampling  Waste  Streams  (items  7&8 


Generator  Fees/Taxes  _ .  . .. 


TOTAL  I 

I  Product  Quality  (Labor,  Materials) _ 


End  Year! 


$0 


$120,000 


Escalation  Ratel  0.0% I  Start  Year 

End  Year 


On-site  Handling  &  Storage  (direct  labor)  (M&E  Item 


On-site  Pre-treatment  _ 


On-site  Treatment 


an 

ranspori  On-Site  (indirect  labor)  (Item  12 

L_J 

$0 

Off-site  Treatment  _ _ 


Off-site  Disposal  (Item  9 


TOTAL| 

I  Regulatory  Compliance  (Labor,  Materials)  #2 


Escalation  Ratel  0.0°/^  Start  Year 

End  Year 


Labelin 


Manrfestin 


Recordkeepinq:  MSDS/Emer  Resp  Plan  Maint  (Item  2 


Reporting  (Item  6 


Other:  HW  Mgmt/P2  Plain  Maint  (Item  5 


Escalation  Rate 


Chance  in  Product  Throughput 


Change  in  Market  Share 


I  insurance 


Escalation  Rate 


Workers’  Health  Insurance 


Workers'  Compensation 


Pollution  Liability  Insurance 


Start  Year 
End  Year 


TOTAL 


Start  Year 
End  Year 


TOTAL] 

[  $0  1 

lnv>Bas^pg2 


o  U) 


ANNUAL  OPERATING  COSTS  -  Base  Scenario 


Base  Scenario:  Dispose  of  Add  Bath  as  a  Hazardous  Waste _ 9/1/97 


Annual  Operating  Costs _  $  Amount 


Direct  Materials  (Purchase,  Delivery.  Storage 


Escalation  Rate 


iRequIatory  Compliance  (Labor,  Materials)  #1 


Escalation  Rate!  0.0%]  ^ 


Permittinq  (Item  13 


Trainino/lnstructina  (Items  3&4 


Monitorino/lnsDections/Audits  (Item  1 


Testina/SamDlinq  Waste  Streams  (Items  7&8 


Generator  Fees/Taxes 


IProduct  Quality  (Labor,  Materials) 


Start  Year 
End  Year 


Escalation  Rate[ 


QA/QC 


Product  Rejects 


Product  Returns 


Start  Year 
End  Year 


Revenues  -  By-product 


Escalation  Rate]  O.C 


Marketable  By-products 


Marketable  Pollution  Permits 


Start  Year 
End  Year 


$120,780 


Annual  Operating  Costs 


Op-Base-oal 


S  Amount 


Escalation  Rate 


Electrici 


Steam 


Water 


Fuel 


Plant  Air 


inert  Gas 


Refriqeration 


Uqhtjnq,  Heatinq.  Air  Coditionina  (M&E  Item 


Other  Industrial  Wastewater  Treatment  (M&E  Item 


TOTAL 

I  Waste  Management  (Labor,  Materials) 


Escalation  Ratel  0.0%|  Start  Year 


On-site  Handlinq  &  Storaqe  (M&E 


On-site  Pre-treatment 


On-site  Treatment 


Hauiin 


Off-site  Treatment 


[Regulatory  Compliance  (Labor,  Materials)  #2 


Escalation  Rate] 


Start  Year 
End  Year 


Labelin 


Manifestin 


Recordkeepinq;  MSDS/Emer  Resp  Plan  Maint  (Item  2 


Reportinq  (Item  6 


Other  HW  Mqmt/P2  Plain  Maint  (Item  5 


TOTAL 


Revenues  -  Product 


Escalation  Ratel  0  0^ 


Chanqe  in  Product  Throuqhput 


Chanqe  in  Market  Share 


Start  Year 
End  Year 


Escalation  Rate] 


Start  Year 
End  Year 


Workers'  Health  Insurance 


Workers'  Compensation 


Pollution  Liability  Insurance 


$500 


$13,646 


$14.146 


$2,205 


$14,925 


SCENARIO  SUMMARY  -  Alternative  Scenario  1 


I  Alternative  Scenario  1:  RecYde_Adri^athn2^^ 

INITIAL  INVESTMENT  COSTS _ 

Purchased  Equipment  (Purchase.  Tax.  Delivery) 

Utility  Connections/Systems 
Planning/Engineering  (Labor.  Materials) 

Site  Preparation  (Labor.  Materials) 
Construction/Installation  (Labor,  Materials) 
Start-up/Training  (Labor.  Materials) 

Permitting 

Buildings  &  Land 

Working  Capital 

Contingency 

Other 

Other 

Other 

^^^^^Pthgr _  _ 

ANNUAL  OPERATING  COSTS _ 

Direct  Materials  (Purchase,  Delivery,  Storage) 

Utilities 

Direct  Labor  (Wage/Salary,  Benefits) 

Waste  Management  (Labor,  Materials) 

Regulatory  Compliance  (Labor,  Materials)  #1 
Regulatory  Compliance  (Labor.  Materials)  #2 
Product  Quality  (Labor,  Materials) 

Revenues  -  Product 

Revenues  -  By-product 

Insurance 

Future  Liability 

Other 

Other 

GLOBAL  PARAMETERS  _ 

Project  Title:  Facility  Example  Diffusion  Dialysis  System 
Inflation  Rate  0  0% 

Discount  Rate  3  5©^ 

Aggregate  Income  Tax  Rate  0.0% 

Default  Depreciation  Method  vvc 

Default  Depreciation  Period  0 


Cost 

SIS.OOO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Cost 

$3,101 

14,237 

120.000 

0 

1,694 

0 

0 

0 

0 

0 

0 

680 

0 

0 


Salvage 

Value 

$0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


jnv.  Year  Lifetime  PerioH 


Summ-Altl-pgl 

Depreciation 


Start  Year  End  Year  Escalation 


SCENARIO  PARAMETERS 

Default  Investment  Year 
Default  Lifetime 
Default  Start  Year 
Default  End  Year 


Method 

WC 

wc 

WC 

wc 

wc 

wc 

wc 

wc 

wc 

wc 

wc 

wc 

wc 

wc 


Op-Base-pg2 


I  Future  Uabll 


Escalation  Rate 


Escalation  Rate 


SCENARIO  SUMMARY  •  Base  Scenario 


Base  Scenario:  Oisoose  of  Add  Bath  as  a  Hazardous 


INITIAL  INVESTMENT  COSTS  _ 


Purchased  Equipment  (Purchase,  Tax,  Delivery) 
Utility  Connections/Systems 
Planning/Engineering  (Labor.  Materials) 

Site  Preparation  (Labor.  Materials) 
Construction/lnstaltation  (Labor.  Materials) 
Start-up/T raining  (Labor.  Materials) 

Permitting 
Buildings  &  Land 
Working  Capital 
Contingency 


Salvage 

Value 


Summ-Base-DQ1 


DeDreciation 


e  Period 

Method 

15 

0 

wc 

15 

0 

wc 

15 

0 

wc 

15 

0 

wc 

15 

0 

wc 

15 

0 

wc 

15 

0 

wc 

15 

0 

wc 

15 

0 

wc 

15 

0 

wc 

15 

0 

wc 

15 

0 

wc 

15 

0 

wc 

15 

0 

wc 

ANNUAL  OPERATING  COSTS 

Cost 

Start  Year  End  Year  Escalation 

Direct  Materials  (Purchase.  Delivery.  Storage) 

$3,450 

1 

15 

0.0% 

Utilities 

14,146 

1 

15 

0.0% 

Direct  Labor  (Wage/Salary,  Benefits) 

120,780 

1 

15 

0.0% 

Waste  Management  (Labor.  Materials) 

14,925 

1 

15 

0.0% 

Regulatory  CompliarKre  (Labor.  Materials)  #1 

2,504 

1 

15 

0.0% 

Regulatory  Compfiance  (Labor,  Materials)  #2 

90 

1 

15 

0.0% 

Product  Quaity  (Labor.  Materials) 

0 

1 

15 

0.0% 

Revenues  -  Product 

0 

1 

15 

0.0% 

Revenues  -  By-product 

0 

1 

15 

0.0% 

Insurance 

0 

1 

15 

0.0% 

Future  Liability 

0 

1 

15 

0.0% 

Other 

748 

1 

15 

0.0% 

Other 

0 

1 

15 

0.0% 

Other 

0 

1 

15 

0.0% 

GLOBAL  PARAMETERS 

SCENARIO  PARAMETERS 

Project  Title:  FadSty  Example  Diffusion  Dialysis  System 

Inflation  Rate 

0.0% 

Default  Investment  Year 

0 

Discount  Rate 

3.5% 

Default  Lifetime 

15 

Aggregate  Income  Tax  Rate 

0.0% 

Default  Start  Year 

1 

Default  Depredation  Metfwd 

wc 

Default  End  Year 

15 

nefault  Depredation  Period 

0 

INCREMENTAL  CASH  FLOW  ANALYSIS 

Aittmsttv*  Scenario  1  vs.  Mss  Sesciarlo 
Anafysls  Nsms:  Fsdltty  Exampts  D>misk)n  DlsIytU  Sytism 


Opsfsting  Yssr _ _ _ _ _ _ 

INCRKMCNTAL  INITUt  INVESTMENT  COSTS 
Purchsssd  Equlpmsrt  (Purcftsss.  Tax.  OslJvsfy) 

UtllKy  Corv^scUont/Syttsma 
Planninc/Enolnsartng  (Ubor,  Matsrialt) 

SHe  PrsparaUon  (Labor.  Matarials) 

Corwtructlorinristaitatlori  (Labor.  Materials) 

Start-opTTralning  (Labor.  Matartals) 

Permitting 

Buildings  &  Land 

Woricing  Capital 

Contingency 

Other 

Other 

Other 

Other _ _ _ _ _ _ 

Total  Initial  Investment  Costa 

INCREMENTAL  ANNUAL  OPERATING  (COSTSySAVINGS 
Direct  Materials  (Purchase.  Delivery.  Storage) 

UtUiUes 

Direct  Labor  (Wage/Salafy.  Benems) 

Waste  MMtagemant  (Labor.  Matertals) 

Regutatory  Compliance  (Labor.  Materials)  «1 
Regulatory  CompUanca  (Labor.  Materials)  f2 
Product  Quality  (Labor.  Materials) 

Revenues  >  Product 

Revenues  *  By^voduct 

Irisurance 

Future  Liability 

Other 

Other 

Other 

Total  Annual  Operadns  (Cotts)/Savin9S 


Cash  Flow-Aitr  V  Be 


349 

349 

349 

349 

349 

349 

349 

(91) 

(91) 

(91) 

(91) 

(91) 

(91) 

(91) 

780 

780 

780 

780 

780 

780 

780 

14.925 

14,925 

14.925 

14.925 

14.925 

14.925 

14.925 

810 

810 

810 

810 

810 

810 

810 

90 

90 

90 

90 

90 

90 

90 

INCREMENTAL  TAX  CALCULATION 
Annual  Operating  {Costs)/Savings 

•  Depreciation 

-  Expensed  Initial  Investment  CosU 

♦  Taxable  Gsin  (Loss)  on  Salvaged  Equip 
Taxable  Income 

Income  Tax  at  0,0% 


INCREMENTAL  CASH  FLOW  CALCULATION 
Annual  Operating  (Costs)«avings 
-  Income  Tax 

•  initial  Investment  Costs 
Recovery  of  WorWng  Capital 

♦  Salvage  Value  _ 

After-Tax  Cash  Flow 

Cumulative  Cash  Flow 


liij!  sliilHIIIlliii 


incrememtal  cash  flow  analysis 

ScmHo  1  V*.  Scvfwrto 


corra 

- - Tf-Tl - ‘1 - - - 

ContrucMSnMM^ 


CrwiQW'ci 


C«#h  Flw^-Altl  V.  ■ 


14  15 


MtmtOAL  OraUTMQ  (COSTSySAVINGS 
Datvwy.  Storage) 


Ojbor.  UMiriih) 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

349 

349 

349 

349 

349 

349 

349 

349 

(91) 

(91) 

(91) 

(91) 

(91) 

(91) 

(91) 

(91) 

780 

780 

780 

780 

780 

780 

780 

780 

14,925 

14.925 

14.925 

14.925 

14,925 

14,925 

14.925 

14,925 

810 

810 

810 

810 

810 

810 

810 

810 

90 

90 

90 

90 

90 

90 

90 

90 

(CQSti)fS«vlna4 


MCmenAL  TAX  CALCULATION 
AnnuN  OpiTMia  (CotetySMftVi 
-0«pf«eMBan 

« EtpmmA  wmm  iw nmrnrt  CoiH 


16.931 

16,931 

16.931 

16.931 

16.931 

16.931 

16.331 

16.931 

Inconw  Tn  M  iu8% 

0 

0 

0 

0 

0 

0 

0 

0 

MCACMEirrAL  CASH  PLOW  CALCULATION 

AmuN  OparMno  (CoNsySavinot 

16.931 

16.931 

16,931 

16,931 

16,931 

16.931 

16,931 

16,931 

•  incomt  Tax 

0 

0 

0 

0 

0 

0 

0 

0 

•  ifMbai  inNMafeiMMt  Coats 

0 

0 

0 

0 

0 

0 

0 

0 

♦  Rooovary  e#  WdftaiQ  CapAN 

0 

0 

0 

0 

0 

0 

0 

15.000 

♦  SatvaoaVNba 

0 

0 

0 

0 

0 

0 

0 

0 

Aflar.Tax  Cash  Flow 

16.931 

16,931 

16,931 

16.931 

16,931 

16,931 

16,931 

31,931  . 

CumuMNo  CaoN  Flow 

120.448 

137,379 

154,310 

171.241 

188,172 

205,103 

222.034 

253.965 

Disceuniad  CaaN  now 

12.858 

12.423 

12.003 

11.597 

11.205 

10.826 

10.460 

19.059 

INCREMENTAL  PROFITABILITY  ANALYSIS 

_ Profit.pgi 

P2/FINANCE  calculates  three  indicators  of  profitability.  (See  on-line  help  for  more  detailed  descriptions.) 

Net  Present  Value  (NPV).  the  most  reliable  indicator,  is  the  value  in  today's  dollars  of  the  discounted  future 
savings  of  a  project  A  positive  NPV  indicates  a  profitable  project  When  considering  multiple  projects  the 
most  profitable  project  has  the  highest  NPV. 

Internal  Rate  of  Return  (IRR)  is  the  Discount  Rate  for  which  the  NPV  of  a  project  would  equal  zero.  An  IRR 
greater  than  the  Discount  Rate  indicates  a  profitable  project  When  considering  multiple  projects  the  most 
profitable  project  usually,  but  not  always,  has  the  highest  IRR.  IRR  cannot  be  calculated  for  some  projects 
with  irregular  cash  flows. 

Discounted  Payback  is  the  time  period  within  which  the  discounted  future  savings  of  a  project  repay  the  Initial 
Investment  Costs.  A  shorter  payback  period  often,  but  not  always,  indicates  a  more  profitable  project 
because  Discounted  Payback  does  not  account  for  cash  flows  that  occur  after  the  payback  period. 
Discounted  Payback  cannot  be  calculated  for  some  projects. 

P2/FINANCE  provides  four  time  horizons  for  calculating  Net  Present  Value  and  Internal  Rate  of  Return 
P2/FINANCE  automatically  calculates  the  profitability  over  5.  10.  and  15  years.  You  may  choose  an  optional 
fourth  time  horizon  between  1  and  15  years. 

Optional  Time  Horizon  j  3  | 

This  analysis  calculates  the  incremental  profitability  of  each  Alternative  Scenario  relative  to  the  Base  Scenario. 
Base  Scenario;  Dispose  of  Add  Bath  as  a  Hazardous  Waste 

Net  Present  Value  ($) 


Scenario 

Name 

Years  0-5 

Years  0-10 

Years  0-15 

Years  0-  3 

Alternative  Scenario  1 
Alternative  Scenario  2 

Recycle  Acid  Bath  using  Diffusk 
NA 

61,444 

#N/A 

125,808 

#N/A 

188,955 

#N/A 

32,435 

#N/A 

Internal  Rate  of  Return  (%) 

Scenario 

Name 

Years  0-5 

Years  0-10 

Years  0-15 

Years  0-  3 

Alternative  Scenario  1 
Alternative  Scenario  2 

Recycle  Acid  Bath  using  Diffusk 
NA 

110.1% 

#N/A 

112.8% 

#N/A 

112.9% 

#N/A 

98.4% 

#N/A 

Discounted  Payback  (years) 


Scenario 


Name 


Payback 


Alternative  Scenario  1 
Alternative  Scenario  2 


Recycle  Acid  Bath  using  Diffusk 
NA 


0.92 

#N/A 
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Monte  Carlo  Simulation 


The  P2FINANCE  spreadsheets  and  the  use  of  the  ECAM  has  two  major 
limitations; 

-  Spreadsheet  work  cells  can  only  be  changed  one  at  a  time.  The  ECAM  utilizes  both 
engineering  estimates  and  ABC  techniques  to  generate  multiple  cost  estimates  for  a 
wide  variety  of  activities,  the  resources  these  activities  consumed  and  their 
associated  cost  drivers.  P2FINANCE  has  over  100  data  cost  points  used  in 
calculating  NPV,  IRR  and  Payback  periods,  while  the  ECAM  recommends  several 
dozen  Environmental  Cost  categories.  To  analyze  the  entire  range  of  possible 
outcomes  is  difficult  using  the  P2FINANCE  spreadsheets. 

-  The  ECAM  recommends  the  use  of  Sensitivity  Analysis  or  "What-if  scenarios,  which 
results  in  a  single-point  estimates  or  results.  The  results  are  expressed  in  a  Net 
Present  Value.  Payback  Period  and  Internal  Rate  of  Return  estimates  for  each 
scenario.  The  ECAM,  when  combined  with  the  P2FINANCE  spreadsheet,  results  in 
a  single  estimate  of  what  is  possible  under  a  specific  set  of  assumptions.  The 
analyst  is  not  however  given  sufficient  information  as  to  the  risk  or  probability  of  the 
outcome  forecasted. 


Using  a  process  called  Monte  Carlo  Simulation,  an  entire  range  of  possible  outcomes 
and  the  probability  or  likelihood  of  each  can  be  calculated.  Most  ECAM  problems 
involve  elements  of  uncertainty  which  are  too  complex  to  be  evaluated  with  only  one  or 
two  scenarios.  There  are  too  many  input  values  to  calculate  every  possible  result. 
Monte  Carlo  Simulation  simplifies  the  "what-if  process  through  the  generation  of 
scenarios  by  random  number  tables  or  through  a  random  number  generator  on  a 
computer.  Monte  Carlo  Simulation  can  present  a  statistical  profile  of  the  complete  range 
of  possibilities  in  a  complex  set  of  assumptions. 

A  number  of  software  programs  have  been  developed  to  simplify  the  Monte  Carlo 
Simulation  process.  One  simulation  program  was  developed  by  Decisioneening,  Inc. 
called  Crystal  Ball®  that  works  in  conjunction  with  third  party  spreadsheet  programs  like 
EXCEL™.  Crystal  Ball  is  actually  an  "add-in"  that  works  directly  with  your  current 
spreadsheet  program. 

The  P2FINANCE  Spreadsheets  and  Crystal  Ball  provide  a  user  friendly  and  simple 
method  for  conducting  Monte  Carlo  Simulation  on  environmental  technology  projects. 
The  following  pages  present  some  of  the  summary  reports  and  graphics  for  the  ECAM 
example  included  in  Appendix  A.  A  free  trial  version  of  this  software  is  available  at 
http://www.decisioneering.com. 
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Probability  of  Forecasts 

The  Incremental  Profitability  Analysis  for  Diffusion  Dialysis  contained  in  Appendix  C 
denotes  a  single  point  estimate  of  $61 .4k  for  the  NPV  at  the  end  of  five  years.  The 
Sensitivity  Analysis  for  the  estimated  change  in  waste  stream  reduction  provides  three 
additional  NPV  point  estimates  of  $60.0k,  $93.9k  and  $1 37.0k.  In  both  examples  the 
analyst  can  not  determine  the  relative  risk  associated  with  any  of  the  estimates.  As 
shown  in  Figure  1,  the  range  and  probability  of  the  "what-if  scenario  covers  a  wide 
range  of  probable  outcomes. 


Forecast:  Years  0-  5 

Summary: 

Display  Range  is  from  30,000  to  90,000 
Entire  Range  is  from  30,502  to  93,818 
After  2,000  Trials,  the  Std.  Error  of  the  Mean  is 


Statistics: 

Value 

Trials 

2000 

Mean 

61,389 

Median 

61,286 

Mode 

— 

Standard  Deviation 

10,324 

Variance 

106.588,143 

Skewness 

0.02 

Kurtosis 

2.90 

Coeff.  of 

0.17 

Range 

30,502 

Range 

93,818 

Range  Width 

63,317 

Mean  Std.  Error 

230.86 

The  forecast  above  reflects  the  sensitivity  analysis  of  multiple  cost  factors  for  2000 
scenarios.  The  analyst  can  now  associate  the  risk  or  probability  with  the  estimated 
NPV. 
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The  Standard  Deviation  and  Estimated  Mean  provide  the  relevant  Statistics  needed  to 
now  associate  probability  statements  with  the  estimated  NPV.  Using  the  +/-  3  Standard 
Deviations  from  the  Mean  the  analyst  can  now  determine  the  probability  that  the  NPV 
for  the  Diffusion  Dialysis  is  within  the  range  of  $30.5k  and  $93.8k  is  greater  than  95%. 
The  investment  decision  can  now  be  based  on  the  relative  risk. 

It  should  be  noted  that  quantitative  uncertainty  analysis  does  not  have  the  designation 
“worst-case  scenario”  or  “most-probable  scenario”  as  selected  distributions  encompass 
all  potential  scenarios  of  a  given  range.  That  is,  distributions  are  based  on  the  range 
from  no  exposure  to  worst-case,  with  most-probable  values  at  some  point  between. 
These  ranges  are  described  as  PDFs.  Monte  Carlo  analysis  randomly  selects  from 
these  PDFs  based  on  identified  distributions.  The  results  of  this  analysis  therefore  are 
presented  in  a  range  with  an  identified  percent  certainty  for  certain  values  or  ranges  of 
values. 


Variable(s)  Sensitivities 


The  Sensitivity  Chart  [Figure  2]  allows  the  analyst  to  view  each  variable  for  its  impact  or 
correlation  on  the  forecasted  NPV.  As  shown  here  the  Industrial  Wastewater  Treatment 
costs  for  the  Basecase  and  Alternative  Scenario  nearly  equally  offset  one  another. 
Therefore  the  analyst  can  conclude  that  these  costs  are  inversely  related  and  do  not 
impact  the  final  result. 

The  Waste  Management  cost  assumption,  in  contrast,  is  positively  correlated; 
accounting  for  more  than  half  the  variation  in  the  model's  estimated  NPV.  Regulator 
costs  are  negatively  correlated  but  to  a  smaller  degree.  The  ECAM  recommends  an 
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incremental  cost  approach;  limiting  data  collection  and  analysis  to  only  those  variables 
that  change.  Using  the  Sensitivity  Chart  the  relative  correlation  of  the  variables  can  be 
quickly  evaluated  to  eliminate  cost  factors  that  minimally  impact  the  results  and  highlight 
those  cost  factors  that  have  the  greatest  impact  on  the  evaluation. 


Shown  below  are  actual  screen  images  of  the  two  software  programs:  Crystal  Ball  and 
P2FI NANCE  [Figure  3].  Each  trial  run  or  scenario  is  plotted  for  each  forecasted  time 
period  in  P2FINANCE.  As  shown  there  are  now  a  range  of  probable  outcomes  based 
on  2000  different  trail  runs  wherein  key  variables  are  randomly  changed  to  simulate 
multiple  cost  estimates.  Now  rather  than  the  single  point  estimate  of  $61 ,  000  for  the 
NPV  for  the  five-year  forecast,  the  analyst  can  now  state  that  the  range  of  probable 
outcomes  for  the  estimate  is  between  $30,000  and  $90,000  with  a  mean  of  $61,000 
with  a  95%  confidence  factor. 


AttemaDve  Scenario  1 

Recycle  Acifl  Bath  usmg  Dtffusic^ 

-^rs  0-15 

32.A35 

Alternative  Scenario  2 

NA 

«N/A 

KNTA 

«NrA 

•NTA 

Intamal  RaM  of  Return  (%) 

Scenario 

Name 

Years  0-5 

Years  0-10 

Years  0-15 

Years  0-  3 

AJtemaove  Scenano  1 
Alternative  Scenano  2 

Recycle  Acid  Bath  using  Drtfusic 
NA 

tlO  1% 

112  8% 

#N/A 

112  9% 

984% 

#N/A 

Figure  3 

Impact  on  Data  Collection 

Monte  Carlo  Simulation  can  also  be  used  to  compensate  for  data  gaps  when  collecting 
and  evaluating  cost  information.  Cost  information  is  not  always  readily  available,  up-to- 
date  or  accurately  assigned  to  the  specific  process  under  study.  Engineering  estimates 
using  range  estimates  for  costs  and  consumption  values  are  often  easier  to  attain  with 
higher  confidence  than  single  point  estimates. 
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Guideline: 

Rationale: 

Guideline: 

Rationale: 


Guideline: 

Rationale: 

Guideline: 

Rationale: 

Guideline: 

Rationale: 

Guideline: 

Rationale: 

Guideline: 

Rationale: 


GUIDELINES 

The  relative  value  of  performing  an  ECAM  analysis  is  dependent  on  the 
number  of  options  available,  the  ability  to  influence  the  decision  regarding 
a  specific  Investment,  and  the  financial  benefits  of  the  technology  change. 
Must-fund  compliance  projects  or  single  option  alternatives  will  not  benefit 
from  an  ECAM  study  to  the  same  degree  as  those  investments  with 
multiple  options  and  discretionary  funding  options. 

Small  capital  investments  in  new  technologies  may  not  warrant  the  added 
expense  of  the  Level  II  environmental  cost  analysis. 

Additional  costs  associated  with  the  resources  required  to  identify,  collect, 
compile,  analyze,  and  report  Level  II  costs  may  not  be  justified  for  small 
capital  investments.  On  the  other  hand.  Level  I  costs  and  Level  III  costs 
are  typically  tracked  and/or  can  be  easily  estimated. 

Spend  more  time  on  larger  cost  drivers. 

The  largest  cost  elements  will  have  the  largest  impact  on  the  economic 
metric. 

Do  not  chase  the  low  value  cost  factors  (i.e.,  costs  that  are  less  than  5% 
of  total  process  costs). 

Each  additional  environmental  activity  adds  progressively  less  value  to  the 
analysis. 

Use  the  “incremental”  approach — only  estimate  costs  that  will  differ  from 
one  alternative  to  the  next. 

Costs  that  do  not  differ  among  alternatives  will  not  have  an  impact  on  the 
bottom  line. 

Do  not  add  organizational  overhead  or  multipliers  to  direct  costs. 

ECAM  allocates  overhead  costs  to  a  process;  therefore,  adding  overhead 
double  counts  these  costs. 

Indirect  or  overhead  environmental  costs  (Level  II)  are  not  likely  to  exceed 
50%  of  direct  operating  costs  (Level  1). 

Level  II  environmental  costs  represent  the  assignment  of  overhead  costs 
to  a  process  or  technology  using  specific  activity  drivers.  Limited 
experience  to  date  has  shown  that  Level  II  environmental  costs,  while 
greater  than  previously  estimated,  have  not  exceeded  50%  of  current 
Level  I  process  costs.  This  is  most  likely  the  case  when  the  cost  of  waste 
disposal  and  hazardous  material  costs  are  already  captured  in  the  Level  I 
analysis. 
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Guideline: 

Rationale: 


Guideline: 

Rationale: 


Guideline: 

Rationale: 

Guideline: 

Rationale: 


Guideline: 

Rationale: 


Guideline: 

Rationale: 


Guideline: 

Rationale: 


GUIDELINES 

Any  one  technology  option  is  not  likely  to  reduce  environmental  overhead 
operating  budgets  more  than  1 0%. 

The  assignment  of  the  environmental  overhead  operating  budget  is 
determined  by  the  number  of  activities  and  their  associated  drivers. 
Numerous  process  and  technologies  are  supported  by  the  environmental 
department  budget.  It  is  unlikely  that  any  one  process  would  require 
support  services  (i.e.,  resources)  exceeding  10%  of  the  department’s 
operating  budget. 

Evaluate  all  projects  using  the  same  discount  rate. 

Consistent  application  of  economic  factors  is  essential  for  making  valid 
comparisons  among  projects.  Use  the  nominal  discount  rate  as  published 
by  the  Office  of  Management  and  Budget  in  February  of  each  year. 

Use  multiple  life  assumptions — 5, 10,  or  15  years — ^for  equipment. 
Equipment  life  estimates  for  new  processes  may  be  highly  uncertain. 

Do  not  consider  inflation. 

Adjusting  the  current  operating  costs  for  inflation  over  the  estimated  life  of 
the  technology  and  then  discounting  the  future  cash  flows  by  the  real 
discount  rate  (which  includes  the  same  inflation  component)  has  no 
impact  on  the  Net  Present  Value.  Not  inflating  the  future  costs  and 
discounting  the  results  using  the  nominal  interest  rate  will  give  the  same 
result.  An  exception  to  the  rule  is  if  a  cost  element  (i.e.,  material  costs)  is 
expected  to  increase  at  a  rate  above  the  general  cost  of  living  increases 
(e.g..  Freon™).  (Note:  This  recommendation  differs  from  most  economic 
analysis  guidance  where  economic  estimates  include  inflation  to  account 
for  multiple  future  capital  investments  and  the  need  to  forecast  budget 
requests  in  future  dollars.) 

Do  not  consider  taxes  or  depreciation  for  government  facilities 
Government  activities  are  not  subject  to  taxes.  Depreciation  is  an  accrual 
accounting  technique  to  spread  the  cost  of  equipment  over  its  useful  life. 
Generally,  depreciation  methods  are  used  by  private  sector  companies  for 
tax  liability  purposes  and/or  internal  budgeting.  Government  organizations 
report  operations  on  a  cash  basis. 

Always  do  Level  I  (Direct  Costs)  first  and  run  the  analysis. 

If  the  Level  I  economic  analysis  Is  conclusive,  further  analysis  is 
unnecessary. 

Consider  Level  III  (Other  Costs)  when  Level  I  and  II  are  not  conclusive. 
Consideration  of  Level  III  costs  may  identify  substantial  process 
improvement  opportunities. 
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GUIDELINES 

Do  not  include  a  cost  estimate  for  salvage  value. 

The  costs  of  disassembly,  transportation,  retrofitting,  and  re-installation  of 
unique  or  specialized  technologies  are  likely  to  equal  or  exceed  the 
salvage  value  of  the  equipment. 

Do  not  include  working  capital  estimates  (e.g.,  material  inventory,  first  year 
labor  costs,  material  costs). 

Working  capital  represents  an  estimated  cash  reserve  for  the  anticipated 
first  year  operating  costs.  It  is  unlikely  that  a  technology  or  process 
change  will  significantly  change  the  cash  out  flow  for  the  organization 
requiring  a  separate  cash  reserve.  Proposed  changes  should  improve 
operations  (lower  costs  and  increase  savings)  therefore  improving  the 
organization's  cash  flow.  Assume  that  the  current  cash  flows  are 
adequate  to  support  the  change. 

Do  not  include  a  contingency  reserve  in  the  estimated  cost  of  capital. 

A  contingency  estimate  represents  the  cost  estimator's  confidence  in  the 
reliability  of  the  other  capital  cost  estimates  and  assumptions.  The  ECAM 
approach  includes  a  sensitivity  analysis  of  key  cost  factors.  The  sensitivity 
analysis  provides  a  range  of  possible  or  "contingent"  outcomes. 

Use  the  same  production  level  as  the  baseline  process. 

A  new  technology  may  increase  the  production  capacity  of  the  facility, 
increasing  the  potential  output.  However,  unless  a  current  backlog  or 
clear  indication  of  increased  (or  decreased)  production  or  process  levels 
exist,  assume  the  production  levels  will  remain  at  the  current  level 
throughout  the  period. 
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Discount  rate: 

Rate  of  Inflation: 
Depreciation: 

Taxes: 

Average  Labor  Rate: 
Equipment  Life: 


DEFAULT  ASSUMPTIONS 

2.7%  (Effective  January  1999)  0MB  Circular  A-94. 


0% 

Do  not  depreciate  capital  investment,  expense  in  period 
incurred 

N/A 

$28  per  hovir  (note  that  this  is  a  direct  rate,  not  burdened  vvith 
overhead) 

Use  5  years,  10  years,  and  15  years 


The  following  data  table  provides  default  values  for  the  cost  of  residential,  commercial, 
and  industrial  utilities.  The  values  were  obtained  from  the  Department  of  Energy's 
(DOE’S)  Energy  Information  Administration  and  are  based  on  average  delivered  cost 
per  unit  (e.g.,  cents  per  kilowatt  hour)  to  U.S.  consumers.  Additional/updated 
information  can  be  obtained  by  visiting  the  DOEs  website  at:  http://www.eia.doe.qov/ . 


1  utility  Rates  (U.S.  Averages) 

Residential 

Commercial 

industrial 

Electric  (dollars/kilowatt 
hour  - 1998) 

$0.0825 

$0.0974 

$0.0448 

Natural  Gas 
(dollars/thousand  cubic 
feet -1997) 

$6.94 

$5.79 

$3.59 

Fuel  Oil  (no.  2  distillate, 
dollars/gallon  excluding 
taxes  - 1997) 

$0,984 

$0,674 

$0,712 

Propane  (dollars/gallon 
excluding  taxes  - 1997) 

$0,874 

$0,848 

$0,792 

1  Typical  Overhead  Costs 

Sampling  &  Analysis 

12%  of  Environmental  Compliance  Budget 

Studies  and  Surveys 

13%  of  Environmental  Compliance  Budget 

Training 

4%  of  Environmental  Compliance  Budget 

Planning 

7%  of  Environmental  Compliance  Budget  [ 

Fees  &  Permits 

8%  of  Environmental  Compliance  Budget 

Solid  Waste  Disposal 

$0.25  Per  Pound 

Hazardous  Waste 

Disposal 

$1 .00  Per  Pound 
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Exhibit  1  is  an  estimate  of  percentage  allocation  of  overhead  costs  by  activities  for 
environmental  compliance  for  a  typical  DOD  facility.  Cleanup  activities  represent  the 
single  largest  cost  item  for  most  facilities,  estimated  at  approximately  20%  of  the  overall 
annual  budget.  Hazardous  waste  disposal  is  the  second  largest  activity  representing 
18%  of  total  annual  expenditures.  Sampling  and  analysis,  and  studies  and  surveys 
represent  12%  and  13%,  respectively  of  the  estimated  annual  expenditures.  Fees  and 
permitting  costs  account  for  9%  of  the  estimated  annual  expenditures.  Manpower  costs 
for  Program  Management  and  administration  accounted  for  7%  of  the  overall  budget. 


Exhibit  1.  Environmental  Compliance  Costs  -  Percentage  of  Total  Annual  Budget 

These  percentages  are  based  on  NDCEE  estimates,  which  may  vary  significantly  from 
installation  to  installation.  However,  these  percentages  may  provide  the  ECAM  user  with  a  basis 
for  estimating  costs  where  the  final  installation  location  is  unknown  or  more  precise  estimates 
are  not  readily  available. 


-82- 


Environmental  Cost  Analysis  Methodology  (ECAM)  Handbook 


DEFAULT  ASSUMPTIONS 


Audits 

Low  Estimate 

1% 

Average 

Estimate 

2% 

High 

Estimate 

5% 

Equipment  &  Supplies 

2% 

3% 

4% 

Fees  &  Permits 

3% 

7% 

9% 

Hazardous  Waste 

Disposal 

12% 

17% 

18% 

Program  Management 

7% 

13% 

30% 

Clean-up 

19% 

22% 

22% 

Sampling  &  Analysis 

4% 

6% 

12% 

Studies  &  Surveys 

7% 

8% 

13% 

Training 

2% 

4% 

4% 

Travel 

1% 

2% 

2% 

Other 

3% 

5% 

5% 

Table  2  -  Estimated  Range  of  Environmental  Compliance  Costs 
by  Activities  as  Percentage  of  Annual  Budget 


Table  2  provides  an  estimated  range  of  percentage  values  for  the  key  environmental  compliance 
costs.  These  percentages  can  be  used  to  establish  a  range  estimate  for  the  ECAM  user's 
scenarios.  These  percentage  values  can  also  be  used  to  bound  the  Monte  Carlo  simulations  by 
providing  an  upward  and  lower  boundary  and  distribution  assumptions. 
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